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PEEFACE* 


This volume of Chemir'al V^hnology deals with the special application of 
Fuel to the purpose of •producing Light, irrespective o^ the beat developed 
at tt^*^ame tibi.e, and as there are many ways in >^hich this is effected, it 
was necessary to fix on some order of sequence in which the varioK»-<Bections 
8hoa\tJ be arranged. Simething in the natujje of hlltorical or chVonological 
succession hae ‘been adopted as a matter of convenience, but this relates 
only to thi!«order i%which the various methods of obtaining light came into 
use, for it is evident that as the means of • illumination referred to, in their 
higher developments at all events, are eve^ one of them still in use, there 
is no reason t ) siippose that^no further improvements will be mad^or that 
they will any of thorn become obsolete.' 

“ Ir(*the first Section, that on Oils and Fat#, for which we are indebted 
to Mr. W. Y. Dent, only thpbe»\^hirh arfe used for lighting are consid^lipd, 
thus excluding Vie very ^arge and important class of oils and fats em- 
ployed for lubrication, or as vehicles in painting or varnish making, or 
as material for other chemical products. Although the general /sSfbline of 
the technology of these substances remains essentially the same as it was in 
early times, yet the great progress which has* bdbn made in recent years in 
the machinery used in their extraction and preparation will doubtless 
continue, resulting in saving both in cost and in labour, besides improving 
the pHrity of the product. • « 

Further important advances have been made in tthe matter of testinif 
these materials, whereby not only can the qpialit|r of the product ascer- 
tained, but the presence and nature of foreign Stibstances can be detected, 
whether they occur as accidental ^impurities or*have ^been afided ?5r the 
purpose of^ fraiiduient adulteration. ^ Owing to the highly complex nature 
of the compounds thqpaselvfs, their very close .jesemblance one to another, 
and the ease with which tl^y ai%*decomposed by cha^BiuBT agents, the’ tests 
applicable t(f, thorn are* more or^less uncertain in their operation, much 
depei^^l^g on an exact attainment of Simiter conditions and on the experience 
of th^operator. Still, as shown^in'the sectiog relating to this subject, ^uch 
has been done ■© ren'^^" faafa '*^"^^arable when made by 

different observeim** , ^ 

^ ^ In the SteaRine Industry, d^cribed by Mr. J. McArthur, there is a 
somdWhat siigillr condition of affairs, but the entire subject* is comparatively 
modem, involving definite chemical processes^ Recently considerable im- 
provements in the direction of larger and more powerfuWapparatus have 
been made, enabling the <manufa;fct^urer to produce a purer article with^a 
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larger yield ^nd lesl&^loss of subsidiary presets, and thes§ arf d^cribed 
The plocess is, of course, the first stage in the manufacttire M tandles^* “ , 

The Section on the Manufact;ure op CANDLi^ri^^.wrifcW by ; 

L. Field and F. A. Fi&ld. In temperate and porthern climates,. thii^ is 
probably one of the oldest^ industi^es of mankind, ^\nd the caiMJe is essen- « 
tially the same throughout the ages, although the materials thd 
machinery employed have varied very considerably. In wax candlSsf the ^ 
mode of manufacture remains t{\e same as it was in thp Middle Ag&sJ^ the , 
sole improvement being in the refining and blet^hing of the raw material, 
unfortunately oftery accompanied by its adulteratioif with less costly wai'<ji. 
Candles other than wkx wei*e formerly entirely of tallow, but now^lj^is is 
almost superseded by paraffin, stearine, and ozokerit. * The machinery *for 
making thfem has unfiergone ab enormous development of late years, 
enabling the manufacturer to produce a more sigttly artlcje with great 
rapidity and in great quantity^ The tallow candle, wi^. its wi^k requiring 
constant snuffing, is almost obsolete, but there seems no reason to look for 
such a fate for the modern candle with impioved wick. It is true that for , 
the lighting of large public buildings and for«-t^e greater part of domestic 
lighting, candles have been supersedeti by gas, petrolpum, and electricity ; but 
there are many domestic {purposes for which they are still the mo#fc con-* 
vqj^ient form of illuminant, not to mention that there are many who still 
use them as a matter of personal or artistic preference, and that to an 
extent which creates a largo and increasing demand for them. 

Pfifii^LEUM is perhaps the most formidable rival of the candle, and 
Mr, Redwood has dealt with its technology with great care and thorough- 
ness. At one time suppdfeed to bo a rare ancl isolated occurrence, it is now 
known to be very widely distributed over the surface of the earth and in 
enormous quantities. The mechanical skill displayed in the apparatus for 
boring the oil-wells wiU strike every one ; the elaborates tools used t^ })er- 
^orate rocks of all degrees of hardness for many hundreds of feet in depth, 
with ^ straight bore^f s<vue 4x inches in diameter, to remove the debris, 
and iio remedy all kinds ftf fractures and mishaps to tools at those great ^ 
depths, are \vonderful tritimphs of meohanical sljill. The crude material, 
when obtained, has to be refined and separated into va^ioi^s products, em- 
ployed chiefly for illumination and for lukricatiqiJ, anc^ in these operations oi 
refining and 8epaTJ^ti«*i^on8iderable advaVifces hyye been made in reducing the 
cost, in improving the quality of the product, and in diminisl;ibg the loss. 

For lighting, petroleum is, ancjipei^^liaps will remain, in possession #f the 
field’butside towns and the la^er villagBfe. ^ Where houses are so scattered 
that gas or electricity cannot well ba supplied, it furnishes the main source 
of light, and with the lamps now available lea^ips very littie to desire either 
on the ground of co^, health, or safety. ^The aggregate ule thus secured 
necessarily very^arge* and to this must be added what is ule4 in towhs by 
th^ poorer classes, not to mention those v4io prefer it to gas as being more 
cleanly and lessdestructive to furniture and decoijations, and on this account 

ah'e willing to forego the conveniences afibrded by the of gas. 

* » *• • 
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• Muqh vajimbl^ information incorporated in Sectidh IV. (The Petroleum 
Indu^ry) derived from’ Professor Peckham's* Census Report on 

. Petadlpum, fro^Mr. John F. Carll’s Reports of the Geological SuAey of 
Pennsylvania, and fr6m other sources ac^owledged»in the* Section. A few 
^ illustrations Jiave been taken from the tGeological Survey Reported from 
Wr. fieiijamid J . tlrew’s work on Petroleum, an(f from the Catalogue of the 
Oil well Supply Company of Pennsylvania, whilst others have been taken 
^frorn |»a](5ers by the author ef this Section* published 1i\ the “ Journal of 
the Societ}' of Chetaical Pndustry ” ; for part of the material employed 
ig^he preparation of thp maps he is indebted to Mr. John C. Welch of New 
York.* The account of the Shale Oil Industry is largely based upon parti- 
culfti^ ^pplied<^y the^late Mr. T. A. Aitlcon, and some of the il^igtrations 
e have been taken from pajiers by Mr. R. II. Brunton (“^Minutes of Proceedings 
of the Institution of Civil Engineers”^, and b^Mr. George Beilby (‘‘Journal 
of the Society of Arts ”), whilst others have^ been reproduced from ^patent 
specifications. 

The Section on Lamps is divided into two*princi pal subdivisions — ^namely, 
lamps burnin*^ fat oils, and l%ni|)s burning*mineral oil.* The history of the 
former has been traced from the earliest timefe, and all the important efamples 
» of the^ifferent varieties *of this class of lamps ^lave been described. The 
mineral oil lamp, however, is pf far greater importance, and the vwy 
complete and elaborate series ^Uustrated here will show the amount of 
mechanical skill w^ich has ]>een devoted to it. The essential points to be 
attained are complete corahusiion of the oil with the highest possibl# flame 
temperature, and the avoidance of escape of unburned or partially burned 
oil. At the present time tber^ is great difierence^f opinion as to the use of 
oil with a high or a low flashing point for general lighting purposes. As this 
is a controversial matter it has not been touched on here, but whatever may 
be thv merits of yie one or tl^ other, it seems clefir that it is a distinct 
advantage to have a lamp so constructed ag to prevent access of flame to^ 
the interior of the reservoir, and that the ^aAter^iould be metallic and of 
such a character that if it be thrown down or inverted the oil cannot es^pe. 

^ A chapter has been introduced on that useful applicatlbn of*«crude 
mineral oils for illuuiinating purposes, the Blast or Spray*Lamp, of which the 
‘^lucigen ” lamp is thq,type.^ The Urge volume of the flame, about 3 ft. long 
by 9 in. in diameter, ’renders it«apefeially applicable^for-veork carried on 
at night in tiie open air, to* whicl^ use, moregver, it is almost exclusively 
confln^ by reason of the dul^ roar of l^hofflame, and of the heat and smoke 
which it emits. ^ ** 

Several of the figures in* this Section (Y.) have been drawn for this 
article frdm lamps^jji the posgpssion of M^. Bovgrton Redwood, a fevi^have 
^ been taken from Mr. Leopold Field^s Cantor Lectures on Solid and Liquid 
^Ilfuminating ^Agents, and a large number have b^n cflpied from the 
specifications of the patents referred to. Mr. Redwood has asked ii8*to 
'• acknowledge the assistance given him by Mr, George % Holloway in 
preparing the article^on L^pips. • * • 
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The use of Oit«GiS is a curious instance of i*evival. ^ Jn^thQ ewly deyi^f 
gas naking it was lised* to a considerable extent, and 10 now a^un bfeught 
forwrfi*d for«the special purpose of lighting railway candles an<J^«oind^ 
extent lighthouses ; in*both cases because it givis a of high mtei^ty 
with U small volume of gas. • • ^ - < 

The last. Section— on\ Miners’ Safety LAMPS-^by^Melsrs. B(pwrto«*' 
Redwood and D. A. Louis, is not the least important. Our supply -o^ coal 
depends on the efficiency of these appliances, and the numerous illustl'ations 
given will show how carefully they have beeil! studiiff. Althoiigh many 
attempts have been made to secure the desjfed ef^d by other means, ^e 
lamp almost univetsaUy used rerjains essentially the same in principle as 
that originally devised independently by Davy an^ by ^K^ephenson. • It 
is sad to .think that^the reckless carelessness of -the men themselves,* 
heedless of their own and tfieir comrades’ safety, 4s almost if not quite as 
great a difficulty to be overcome as the danger arising from tjxe presence 
of explosive gases or coal dust. That, in short, as much stu3y has to be 
devoted to devising means of preventing improper oj^ening of the lamp, or 
deliberate injury to* its structure, as to sociiring its efficiency as a safe 
light iJL an inflammable atmosph'ere. The importance of the special testing 
lamp devised by Dr. Olov^es for readily and accurately ascertaining the# 
amount of fire-damp present in the air of a mine, and the modification of 
itiby Mr. Redwood for the special purpose of examining the air in the tanks 
of petroleum ships, will be readily understood and will be appreciated by 
all whQ^now the difficulty of constructing an apparatus which, although 
delicate, can yet be used readily by men who are relatively unskilled. 
The authors of this Seotion wish to acknowledge their indebtedness to 
several works which have been consulted, including : — “ The Report of the 
Commissioners on Accidents in Mine.s ; ” “ The Transactions of the 
Federated Institution of Mining Engine^’S ; ” The if^roceedings tf the 
Royal Society, of the Chesterfield and Midland Institute of Engineers, 
of the South Wales Institut^oC Mining Engineers, of the South Stafford- 
shire ^Institute of Tsiiniug Engineers; “The Journal of the Society of 
Arts,’}^ and The Annaks des Mines.” Some of the figures have been 
borrowed from these sources, but a large number ot them have been specially 
drawn for this article. ' ^ ^ * 

The Editors gla^y express thein indebtedness to the authors of the 
several articles, and also to ngany other^ who Rave contribute information 
or kindly allowed the use of illvt^trations. ^mong the latter they may 
mention Messrs. Rose, Downs, and Thompson; Price's Patent* Candle 
Company, Limited ; Engineenng ; and Mr! E.* Cowles. ^ * 

The very full and complete In(|px to this volume is hoped, greatly 

increase its value afe a work of reference. • 

The next volume^ of “ Chemical Te^mology,” Vol. III., will comprise* 
Qas Lighting, Electric Lighting, Lighthoq^e Illumination, andf Photometry ; 
«Dtd, with Vol.^II., will furnish a full and comprehensive account of the « 
jU?esent state of'“ Lighting” in all its branches. 
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CHEMrCAU. TECfHlTOLOGY 


LIGHTING. 

INTRODUCTION. 

f, >■ 

As fuel, aiiu if ^ dpplications for the purpose outproducing lieat,are undoubtedly 
■involved in some form other in everyone of the arts, and as it is t*^le chief 
instrument in bringing about those changes whicii we usually class as chemical 
technology, the first volume of thi§ series was naturally devoted to its 
consideration. This, the sifcce 'ding volume, treats of the application of 
fuel under such edndition-^^ as to furnish light, either directly or indirectly. 

With certain small exceptions, to which reference will be made hereafter, 
the subject of lighting may be considered under two principal heads, one of 
which deals with the use of fuel to produce a gas which, on reacting chemi- 
Ciilly •with another gas, will produce a temperatune so high as to emit light, 
and the other in which fuoi is used directly or indirectly to yaise the 
temperature of a solid ref ractory body to incandescence. In the former case, 
the substances in the act of combination emit the light ; in the other, the 
light il emitted by ft highly heateft but inert 6ubstance,*and the source of heat 
may be non-luminous, or (wen, as in the electric light, entirely remote. 

The most common illustration of the foiitiar class is that of a candle, but 
the phenomena even here are more complex than at first sight appears. 
The first s+ago is that the solid fatty matter of the candle is jnelted the 
heat of the flame, and Hius produces an oil; thi^ is jcarriod*by capillary 
action up to the highl} heatejl region of the flame and there under- 

goes destructive distihatioiijjFrom which result more or less complex gaseous 
hydrocarbons, and these in theiir •ti?rn undergo combustion, or, in other 
words by thg a( lion ot the*?)xygeft of the air are converted into new com- 
pounds, this change being accnmj)ani^d ^ theMevelopment of so much heat 
that the tem]X4.iture is raisefi high enough to produce light. The candle is 
then ^n a suiall scale first im oji faCtory, and^econdly a gas-works, the* sole 
jepresentaiivr mechanism being the wick. 

If we^eonside); th^still more ancierit u|e of a,liquid oil in a lamp, we see 
that the later stages are still represented, the gas manufacture still taking 
piace, and l i ^ nnay occur either wkh or without the assistance of a wick. 

T^ese operations, which occur simultaneously and on a minute scale in 
the candle, may be separated, both in time and space, and conducted .on a 
scale of any desired magyitude and with apparatus of grea;ter or less com- 
plexity, as when a liquid f^el is obtain t^d from a solid, or a ‘gas is product 
from a solid or liquid* fuel, and sfored* until it is required for The 
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intermediate products may be stored for any desired t^^ or transport^ 
from qne 8it)t to aJiotber as required, but the essentiarconditions Ahiain 
the sapie. « ’ . 

In the recent application of “ -w^ater gas” for illumihasting purposes t^her^ ’ 
is a somewhat greater '^complexitjr, but a similar result. By a’ction of 
carboA on water vapours at a high temperature, a mi2ctip:‘e of combustible'" 
gases is obtained, which, byrning in air, would produce a flame havm^very’ 
little luminosity, and so be useless for lighting purposes ; but by the adcJition 
of a suitable volatile hydrocar):)6n the flame is rendered luminous^ akd the 
compound “ gas ” thus produced is, from our present point of view,- not very 
dissimilar from coal gas. ^ 

There are other cases of illuminating gases, however, which have tut 
little analogy with thoicandle. Bor example, a mixture of nitric oxiefa-with 
the vapour of bisulphide of carbon when inflamed burns with an extremely 
brilliant luminous flame, but here the stages of oil and gas making ,are 
absent, or of an entirely different chai*acter. ' ' 

The other class of cases in which light is obtained by the ‘incandescence 
of a sqlid body is in all the higher developments of more recent date. The 
light given by a mass of hemtod metal or from a coke or charcoal Are is of 
course well known from all aptiquity, but as a means of illumination of 
extremely limited use It wjis not until oxygyn wp employed to produce a 
flame of extremely high tempepture when uniting with hydrogen or coal 
gas, thAc any notable use of tliis method of lighting was made. The intense 
heat of this flame, itself jractically non-luminous, was made to rafee the 
temperature of a piece of solid lime until it emitted light of great brilliance, 
the lime remaining unchanged. Iie(;ently many other similar arrangements 
have been devised in which a non-luminous flame of sufficient intensity is 
made to impinge on a solid refractory and inert substance. The Welsbach 
light is now a familiar instance of this. 

The electric light, whether from the electric arc or from an incandescent 
filament, is also of this character, although ' the necessary heat is not ob- 
tained directly from the combustion of fuel,' but by interposing a place of high 
resistance in an electric circuit. In the arc light, this is an actual interrup- 
tion of continuity of a carbon conductor, the ends of which, at thy point 
where the current is compelled to leap across the gap, beebmo heated the 
very highest intensity. In the incandescent form the conductor is continuous, 
’but at a suitable point the resist mco is greatly increased either by the intro- 
duction of a different subs^K^nce of loss conducting power, or more generally 
by reducing the conductor to an extremely fine filament, which is usually of 
carboK, although other ^substances, such as platinum, or even a fine stream 
of mercury, have be^n used. Bor an incandescent light, the je offered 

to the current must bo sufficient to produce great heat, but must not, of 
course, be so great as to preVent the pttfssRge of the current. To protect the 
carbon filament, it must be {flaced in a ghass vc^^sel from which, the air has 
been exhausted, and if platifium be usbd the heat must not ' be allowed to 
reach the melting point of the metkl. ' In the mercury lamp, the conductor 
is maintained in spite of the volatility of Ihe metal by constant renewal from 
a reservoir. 

The light of the highest intensity is not necessarilj^ tli^most tiseful, and 
the selection of a source of* light ^ill depend chiefly on whether it is desired 
" that the light itself should be seen, or wfliether it should he the me^ns 6f 
rendering visible objects which are not themselves luminous. Bor the former 
purpose, in most cases, the more intense 'the light and the more nearly it 
approaches to a^true point the better, as, for exapiple, in the case of light- 
houses, signal-lights of ships, railway signals, and ^ the head -lights of railway 
trains. Bor these it is needful. that the light itself should be seen cleiulv 
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aiW at a sufficient (Ustance, but it ij not necessary, or may* be eyen a disad- 
. vantage, that anjf’or the surrounding objects should be visible; !he light is 


requij’^- merely ^ deliver its agreed message as a signal. It is lather 
smgular that, as regards railway trains, there seems to be a difference in this 
respSit between British and Continental ^practice, flhe former using ^mall 
imps merely signals, and the latter large lamps with reflectors apparently 
tor thij purpose of illuihinating the road in front. Possibly the latter is a 
• burvifal from times still recent, when lower speed prevailed. At the 
speedg «joftimon in the former such iUumiifations would be useless, and 
pevliaps even j)y i^son of the surrounding* glare interfering with 

rea^ sight of distant signals. ^ 

*^hen, however, light is re^iired for the purpose of b^ing reflected from 
non-lujtninous (Tt^iects, and so rendering thq^n visible to the eye, it is desirable 
to liffve a largo amount of light of low intensity, and generally that it should 
*’>bo <j.istiibuted about the arc.a to be lighted iathor than concentrateS at one 
or a few }X)ints. A ro^ill which would be weil lighted -by means of twenty 
candles will be but poorly H ^^hted by means of a single lamp giving light 
equal to tv*o;%ty candies, ^toieover, if the llame of such a lamp be surrounded 
by an opal globe, or a white or opal shade and cup, it will bo found that the 
loom is better lighted than by the naked flajiie, although in all probability 
the globe or shede will intercept ^ne half of#the light. iUhis may be further 
illustrated by " lie practice in some (;ases of^workmen in the open tjir who 
carry on their labour witl^ut difficulty by the light from a brazier of Rowing 
•coals 01* coke, the actual light from which is very small, perhaps not exceeding 
that from a single candle, but if the candle were employed in place of tlm 
brazier it would bo found quite* inefficient. Generally it may be said that with 
a given amount of liglit, the lower and the more uniform the intensity the 
better the illumination. The veacon for this must probably be sought in 
the structure of the eye, the iris of which adjusts itself continually to the 
ana unt of light falling upon the retina, so that no spot on this should 
receive an amount of light too J;r€a;t to he borne with comfort. The aperture 
of the iris is therefore adjusted not to the total amount of light entering the 
eye, but to the intensity of the brightest spot of the image on the retina, so 
tiiat while this can bo seen perfectly the aperture will be too small to allow 
sufficient light to eUter to admit *of clear vision of tine remainder. If the 
illumination be uniform, that is, free from points of eitceptional intensity, 
the amount of light allowed to enter the eye at a^maximum. 
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FATS AND 'OILS. 

BY 

WI7:.LIAM Y. DENTi 

Tiie Pats. — These products of organic life derived^^from t^e structures 
of plants and animals are found very generally diffused in nature, and play 
a very important part in dom^tic economy, being largely consumed as food, 
and extensively employed in theu production of light. 

Their elementary constituents are caroon, diydrogen, and oxygen ; the 
proportion of carbon being very large, in many insttyices as high as 8o per cent. 
The following table shows «fhe relative proportions of carbon, hydrogen, and' 
pxygen in some fatty substances employed for illuminating and other 
purposes. * 


Nature. 

Carboii. 

Hydrogen. 

Oxygen. 

Analy&t. 

Olive oil , 

Per cent. 

77.21 

I'cr cent. 

I'cr cent. 

9-43 

Gay-Lussac & Thenard 

Jieeswax 

tSi.So 

12.07 

5.53 

») » 

Sperm oil . , 

78.90 

10.97^ 

10.13 

lire 

LiiisCod oil 

76.01 

n.3S 

12.64 

Saussure 

Tallow (stearin) . , 

7900 

11.70 

9 - 30 

Chevreul 

Spermaceti . , 

81.60 

12.80 

t 

5.60 

. ” r 


The several descliptions of fatty substances differ widely from each other 
as r^ards their consisteiij^j^feome of them being solid at ordinary tempera- 
turgss and others liquid". The solid fats are represented by the several 
varijlies o^ fallow, as \yell as by some of the subfjtances commonly known as, 
waxes, such as Japan wax, and myi-tle wax, which from their composition 
(consisting as they do of fatty acids in combination with ‘^'jcerin) are rot 
strictly speaking waxes, ^but should properly be dassed with fats. The 
liquid fats are represented by the iipmeron^ varieties of oils which are 
ordinarily in a fluid conditicm; whilst lietwecu the solid and liquid fats there 
are others holding an intermediate position , partaking of the character of 
grtase, being more or less of a semi-sqjid consistency, such as palm oil and 
cocoa-nut oil. v, b 

The fats as obtained from natuial sources, whether from the animal or 
vegetable kingdonj, are nbt hom<vgeneous chemical compounds, but consist of 
certain mixtures of proximate constituents, principally stearin, palmitin, and > 
olein, in varying preportions; some of ^hese, such as stejfrin (aT«ap,itallow) 
are solid at ordinary temperatures, whilst others ar e liquid, such as olein 
(fXatov, oleum, oil), remaining fluid at as low a temperature as o® C. (32’r.).^^ 
The principal‘'^olid fatty constituent of mutton tallow was termed margarin 
{ndpyapoPf Sk pearl) on account of , the ^pearly lustre sometimes exhibit^ by 
the fattJy acids nf mutton tallovP, or by some of theirtcompounds. 
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^ Al^rgarin 'wa^ x>ne time considered to be a distinct kind oi fat, but it 
has slilbe be 4 n shown by Heintz to be a mixture of stearin and palmitin ; the 
latter kc^ only enters into the composition of animal fats, but (as the* name 
ihdioates) is the priftcfpal dbnstituent of ptflm oil. • 

The pro 5 e\piate constituents of fatty substances were found by the classical 
^searches of Oheweul to consist of certain organic fatty acidfi^ united with 
an organic radicle whic\i from its sweet flavour redfeived the name of glycerin 
^yXvKvff,' sweet); it is, however, more coo^stent with modern chemical 
jiomendlafnre to speak of it as glycerol, ^since it raiUis chemically os 
ail alcohol; it is na fact aa trihydric alcohol represented by the formula 


C3ai.(OH)3. 

ote^rin is an ethereal salt farmed by the union of stearic acid, 
and gl^'c^erol wilj;! elimination of water; ^iiid similarly, palmitin is formed 
from* palmitic acid, CjglTgoOj, and glycerol ; olein from oleic acid, X^igHg^O,, 


^'iindj^lycerol. • 

The true fats strictly *speaking are all gl^^erides, and are distinguished 
from othoj coiApounds whic h they resemble in physical character, such as 
the various kinds of*wax, by yielding glycerirl or glycerol when subjected to 


any process of saponification. 

The waxes when su Ejected to a process of •saponification yield certain of 
the higher me nhydric alcohol#, •vhicli var^ in their (imposition W’itli the 
nature of the wax. Beeswax, as obtained fnorn the honeycomb of various 
i^pecies of bee, may bo considered to be the typo of a true wax ; it is composed 
*of free cerotic acid, myricin, whiclf^is a solid having the con- 
stitution of myricyl palmitato, <^erivativo of myricyl alcohoi, 

The true composition of bcioswax was first determined by 
Brodie ; more recently Ilelmor* has made a very complete investigation of 
the (question of commercial v, a los, and has devised a system of analysis which 
has been generally adopted. 

There are a number of othe^ waxes not made by bees, several of which 
are of commercial importance : — . * 

Chinese wax, or Pe-la, the latter name being derived from the •Chinese, 
chung-p?ih-lu, signifying insect white wax. This is produced by the action of 
an insist, coccus pe-la (somewhat jesembling in ap])earance the small wood- 
louse) upon certain* trees, more especially th(‘ Fraxhfa^ chinensis, which is 
cultivated for the ox])ress purpose of producing the wa#. The cocoons con- • 
taining eggs are collected in April, folded in te»nii, and ^ittached to the tree; 
in from one to four weeks the insects emerge and spread over the branches, 
the bark of which they puncture ; the young showts soon be<?ome c(^ered 
• with a layer of wax, wliicfl is removed in August and melted,*m order to 
separate it frsMMwrlii’t and insects. The«wax is composed of cerotate of ceryl, 

, melting at a temperature ok 82° €. (i8o" F.)>.it is almost entirely con- 
sumer! ir China, for ilium inatiyg piJrposes, very little reaching this country. 

Carnauba Wax. — This is a yellowish brittip substance, and so hard as to 
have received the name of stone-w^ax. .It^dheres in a thin film to the leaves, 
stalks, ahd b( Tries of a Brazilian pal^m Gopervicia cerifera. • 

It has a sp. gr. of 0.995 — j .o<y) at 60** F. and of 0.842 at the temperature 
of boiling^w alf : The melting point is very high, 83” - 85° C. (181° - iSs” F.). 
It is of a Pompier .cor itioiij, consistins^ chiefly of cerotic acid, myricyl 
. alcohol, and myricyl cerotate. Thi§ stone- wax is frequenlly emp^edm the . 
^dflltejath.- r i beeswax, to countertfct the softness and*low nfisiting point of 


some other adulterant. 

Palm Wax. — This is also d very hard wax somewhat resembhng 
' caraauba, obtained from th« bark of Ctroxyhm audicola, from ihe Cordilleras 
i/f Kew Grenada. It melts#it 72'’-S6'' C.^(i62‘'— 187° F.). • 


• “ Analyst,” viii.*i883. 
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SAPONIFICATION. • 


Spermaeeti. — This is obtained from the celluiar ws^e^in tne enormous 
lieod of the ^achalot or sperm whale (Physeter maGrocephcdVia)^ aid consists for 
the most part of cetyl palmitate, C,gH„.(0jgH33)0„ eating in the^he^ as • 

“ sperm crystals ” ; these are also obtained from the boefy oil, after melting 
and cooling. On saponification, cetyl hydrate is liberated, but nb* glycerol. 

r 

SAPONIFICATION OP PATS. 

Fats may be decomposed dpto their proximate constituents in liweral, 
ways, to all of which the term saponification ili applifj, although strictly 
speaking it only properly belongs to that which consists in subjecting ^be 
fats to the action of a powerful base (such as 'Soda or .lime) which tal^es tbe 
place of the glycerol, combining with the fatty acids to fo^^m a true* soap, 
if stearin be the substance acted on, a corresponding stearate of soda or 
stearate of calcium is produced, tlie glycerol being sot free. This sodtw or ^ 
lime soap, is subsequently decolnposed by boiling with sulphuric acid,* which 
Hcts on it, forming sodium or calcium sulphate, with liberation 6f stparic acid. 
The plan usually adopted on af large scale is to place in*a. lead-Kiied tank a 
(quantity of tallow and jialm oil, which is melted by passing steam into it ; 
the proper proportion of slaked lime (the quantity depending on the nature 
of the fat) is then t^iirown in, ahd the mixture Ijoiled for some hours with 
open si^^am; this caus(« the fatty acids to combine with the lime, forming a 
hard insoluble substance teclinically known as “rock,” consisting of stearate,' 
palmitate, and oloatc of caWfum, whilst the glycerol i-omains dissolved in the 
^w^ter, forming a very dilute solution «oommoi3ily known as “ sweet water.” 
The calcium salts are subsequently boiled with sulphuric acid which decom- 
poses them, forming calcium sulphate, whilst the liberated fatty acids float 
on the top of the li<iuid ; when partially cooled, the melted fatty acids are run 
off’ into pans and allowed to solidify. The solid cakes are subsequently 
placed in horsehair bags and subjected (at a gentle heat) to hydraulic pres- 
sure, to force out the olefc acid. They are afterwards placed in stronger 
bags, and subjected to a higher pressure (approaching 6 tons on the square 
inch) at a temperature of 49° C. (120° F.). The pressed cakes, which con- 
sist of stearic and palmitic acids, when cast i^to blocks are then ready /or the 
use of the candle manfifacturer, or for other purposes. 

These fatty acids Ure still known commercially by the name of stearin, or 
palmit/n, although tjicse properly represent the harder portions of 

tallow, or other fats as obtained by simply subjecting the fats to pressure, 
by wMch the’harder portions or steaiin and palmitin are separated from the 
more fluid portions, f*or olein. * ' 

The candles made from pressed fats were termed stearia^'^te distinguish 
them from those made of^allow, but these liHve beijii now superseded in ‘ 
their turn by the sp- called stearin canclles’of t^e present day, although these 
really consist of staaric and palmitic aciijs. 

The fat can also be decomposed ky a process to which the term acidification 
is applied, which consists in subjecting them to'the action of strong sblphuric 
acid assisted by heat. The fivts are placedi in# copper boilers with the acid, 
and are kept heated by steam at a temperature of abo;,it 1 76* 0 . (350" F.) for 
several hours. The glyceiol of tit”? fat is partly converted into sulphoglyceric 
acid, and partly decomposed with the dj^ngagement of ‘carbonic and sul- , 
phurous acids;^ a cert^n amount of carbdn bmng deposited. ‘ The fattjs acMs^ 
combine with the sulphuric acid to form sulphostearic, sulphbpalmitic, and 
sulpholeic acids. These are decomposed by the action of steam with the 
formation of stearic, palmitic, and oleic acids ; the oleic acid is at the same * 
time partially converted into elai'dic acid,Vhich has the same composition as 
oleic acid, but (Mfifers from it as regards its physicaf ^pi;operties, being much 
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fusible, its melting point being about 45“ C. (ii^® F.). The formation 
of this elai’dic atiddtendg to increafl^e the amount of solid^fatty aeids obtained 
by thft method of treatment. The black mass (consisting mainly cf fatty 
! ^idsj, lifter wafthjng ‘frcgn the sulphurip acid and sulphoglycerio acid, is 
trafisferred to a retort, and the fatty acids distilled ^ver by means of super- 
heated steafli assisted by a gentle bottofn heat.” 

^ '^h© earlier pfoducts of the distillation consist of hydrocarbons, some of 

wbkK are in a gaseous and others in a ^iquid condition. The fatty^ acids 
that ^me over are of a good colour, melting at 42“~44“ 0 . (io8“-ii2“ F.) ; 

• fincrwhen sui)iected in hags to pressure so a» to separate* the more fluid oleic 
acid, a hard solid stdlirfc auiS is obtained, melting at 49^-50“ 0 . (i2o“-i2 2“ F.). 

^ The acidification process fg extensively applied to palm and cocoa-nut oils, 
and especially adapted for decomposing bone oil, a.-^ wml as refuse fats of 
ev<i^ descripti^jn, and converting them to useful purposes. 

Jn 18154, a patent* was taken out hy Tilghmaun for decomposing fats by 
eitposing them in a long wrought-iron vesse^ (lined with lead and placed in 
a horizontal position )*to the action of water at a high temperature and under 
great pivssure. This was subsequently supprsedod by the autoclave ^process 
of De Miiiy, in wliich the fat was put into a boiler (made of stout copper, 
provided with a stirrer, and placed in a vei lical position), together with one- 
third its volume ot water and a small qup,iility of lime (about 2 per cent.), 
or its equn' il< iil of caustic sofla? The boiler was then heated for three or four 
hours under a pressure of 120 lbs. to the sqtiareinch. Very large quantities 
of stearic acid are made by means of this procq||s. 

In 1855, Mr. G. F. Wilson, of Price’s Patent Candle Company, effected the 
decomposition of fats by subjjecljing them to the action of superheated steSm 
under ordinary •pressure. Bypassing steam at a temperature of 313 C. 
(600” F.) through the fats, tue fatty acids are separated from the glycerol 
and arc distilled over, the glyc;erol condensing in ilie receiver, and forming a 
dilute aqueous solution below' the layer of fatty acids. By concentmting this 
dilute solution glycerol is obtiiined, free from tl^ alkaline salts with which 
it had always (previously to tlu discovery of this process) been contaminated ; 
when redistilled by the aid of steam a glycerol of chemical purity ii obtained, 
which under the name of ** Price’s glycerin ” has for many years proved 
a valuable arti(;l%for the mamrfacture of pharmaceutical preparations, and 
for various medical purposes. ^ 

The fatly oils employed for illuminating purposes, when exposed to thcT 
influence of heat do not evaporate, and are^^refore termed fixed.oils, to 
distinguish them from the volatile or essential oifs, such as turpentine, from 
which they difter both ag regards their composition, and properi^^es, th§ latter 
evolving, at ordiuaiy temperatu.es, a distinctive and frequently an agreeable 
odour. The*Excd oils^ when raised ^o aliigh temperature under ordinary atmo- 
spheric pressure, decompose* and jjre w'solved iifft) a great number of new pro- 
ducts, .^ome oi ivhich are of a very*offensive description. The glycerol, one of 
the constituents, is partly converted into acrolein or acraldehyde, a compound 
of an ^xtreme^ pungent clMiracter j ^t i® this substance which gives rise to the 
peculiar and very unpleasant odoifik produced on blowing out a candle made 
froiif tallow ov any fat contliinilig glycerol. It is also from acrolein that the 
vapours''^’isiiig fron* boiling oil derive their well-known charactemtic and 
very irritating properties. Th® fatty acid# of the*oilare partly volatilised, and 
partly undergo conversion into li^rdrocarbons (especially of c]^)r 

carlfonic acid, and other products, a considerable quantity ot carlwn 
left as a residue ; part of the ol^c acid is also converted into sebacic acid. 

When these fatty substances are passed through a led-hot tu^ they are 
almost entirely decompoSed into, volatile products, consistiing principally^of 
carbonic acid and variqus^hydrocarbous, ^ 
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Befuse fat, and soAe of the cheaper of the fixed oils, were, at one tim# 
converted into gas^us hydrocarbons and used for illurainati^g purposes, 
under the name of oil-gas, but they are now but little utilised in this m&nner, . 
cheaper sources of light, such as are afibrded by*the mineral oils, naving. . 
been substituted for thefb. • * 

Th^ fixed oils may be divided fhto two classes, drying^ and* non-drying . 
oils, although 'no sharp linp of distinction can be (b'awn between* them, • 
The drying oils, as represented by linseed, hempseed, and poppy-seed t)ils, 
on exposure to air in thin films* absorb oxygen, and in a short timef come * 
converted into a hard resinous* substance, a proj^erty which renders them • 
particularly valuable for the purposes of the painter and varnish-maker. 
The non-drying oils^ as represented by olive-oil* under similar circumstand&s 
remain liquid, whilst some of the other oils, such as cotton-seed oil, hdl|T[ an 
intermediate position in this respect. ^ ^ » 

The nbn-drying oils, on exposure to the air, become rancid by the ab- 
sorption of oxygen, ficquiring jf, very unpleasant flivour and disagreeable 
odour, of which we have a familiar example in the case of sa*lad oil after it 
has beep kept for a long time in,a partially filled bottle ; ljut fats^o'ntaining 
caproic and caprylic acids, such as cocoa-nut oil and butter fafs, are pecu- 
liarly liable to undergo this chaqge ; the drying oils, on the contrary, exhibit 
much less tendency tonalterations pf this character. 

This rancidity is due to fermentation, which'is j^romoted by the action of 
the oxygen of the air on the albumonoid and other ^impurities contained in , 
the oils, so that a well-refine^ oil is less liable to undergo a change of this 
nature than one containing a larger pixyortion of impurities. As the action 
progresses, the neutral fats are decomposed, the fatty acids being set free 
and glycerol produced ; some of these fat ty acids, moreespeciidly those emanat- 
ing from cocoa-nut oil, evolving an exceptionally unpleasant odour, ily 
agitating a rancid oil with boiling water, and subsequently washing it with 
a weak solution of soda, it may be deprived of its rancidity, and again made 
to resume the condition of % sweet oil. ♦ 

This absorption of oxygon by oils, mdre especially by diying oils, is 
attended with the development of lieat, and to such an extent is this the 
case, that cotton-waste or other porous material containing oil, when laid in 
a heap is liable to becoipe ignited, and it haf? been proved that many sftrious 
fires have been causei^^ by such ignition. The danger of fire arising from 
\his source has been so com ple^e k^ established by the exyieriraents of Gellatly 
and otters, and is now bo*'^! known and so generally recognised, that 
manufacturers are very careful not to allow any accumulation of oily cotton- 
or silkVwaste cto remain oa Iheir premises. The absorption of oxygen by oil 
is now conducted on 'an extensive scale for the purpose of thickeniiig it, with 
the object of producing what is kiiowii\us pxidiserl or “ jjlown^nTil. The oils * 
generally operated on are ra^'fe, cotton -iree^, and linseed. The oil is heated, 
starting at a temperature of about 70“ Ci (158’' F.), and aii* is then blown 
through it by means of a perforated tube*^for from sixteen to thirty hours ; 
the heat generated by the chemicaFaction which takes place is sufficient to 
main^tam the temperature, which is not, h6wever, allowed to rise above 
(167° F.). The proportion of oxygen in the oil is considerably increased by this 
treatment, being in some samples more than doubld'd. Eape oil can be 
made to acquire the consistency ^of castor ^il, its sp. ’ gi’. ranging from 
t'' ^^.7T,^^this thickened oil is used^or the purpose of, increasing the 
viscosity of lubricating*oils ; it is capable of being mixed with i\;^ineral 6il in 
much larger proportions than castor oil wit^iout the risk of any subsequent 
separation taking place. Linseed oil can be converted into a semi-solid 
glutinous mass capable of being used in th^ manufacture of rubber substitute 
as well as for a variety of other purposes^ * i 

The efpansiofi that takes place in the volume of ' oil by increase of 
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temperature . is so oozisideirable as to make it nedbssaxy for commercial 
purges tbajb the Amount of such Expansion should be kftown. ♦According to 
the^delgrinmations of Preisser, olive oil increases in volume foiseach^degree 
Oenti^ade nnnr> measures of 

tiafti oil at.o“ 0 . (32'" F.) become 102 measures at h temperature of 20° 0 . 
(68° F.). BJore recent determinations t)f the density of oils at diSerent 
^tempefUtures have led to the following results stated by Allen. In order 
to ascertain the rate of expansion of an oil , the density should be taken at 
two difiPSTent temperature's which should bo As far apart as practicable. The 
’temperatures adopted weje 15.5" 0 . (6o* F.), Mid ^8‘’~99“ 0 . (208“- 
210“ F.) as most closofy representing the actual temperature of an oil when 
iifmersed in a vessel of boilifi^ water. Tho density of r^pe oil was found to 
be a^*these temperatures 0.915 and 0.86 water at 6 s>° F. being represented 
byi.odfo; amPfrom a number of experitneiits with different oils, including 
c>live, rape, sesame, arachis, cotton-seed, ajid linseed, it was found that for 
tlTese«oils 0.00064 miglit be adopted as the %ure representing the correction 
in density requiivd by them for each degree Centigrade, or 0.00035 for each 
degree Plibrenheit, variation in temperature. 


TESTING OILS. 

The tests tliat are capable of being applied for ascertaining the quality 
aud purity of oils, as well as of fatty sub.st 5 .ncos generally, are of tifo kinds, 
some of them being of a physical, and others gi' a chemienl nature. Until 
within the last ton or twelve years, the.se tests w’ere of a somewhat empirical 
character, tho knowledge thift we possessed of the constitution of the various 
descriptions of ftitty subsCinces not being sufficient to allow of such an ex^ 
amination as wmuld afford an insight into their composition and character. 

Many of the methods of testing oils adopted in the trade (however crude 
some of them mny appear to be) are unquestionably of much service as 
preliminary tests iii det(‘etiAg adulteration, ^ho amount of information 
that may be gained by making a* proper use of the senses of taste and smell, 
when educated by experience, is much greater than is frequently supposed. 
The odour given off on warming will often servo to detect the presence or 
even«femall quantities of animfl oil, when mixed ^itli those of vegetable 
origin, as well as to distinguish its nature ; whilst % voiy peculiar after-^ 
taste left by mineral and rosin oil at the ^jnek of tlie throat constitutes a 
very delicate test for either of these oils. TTO»aeculitir odour developed by 
some oils may also bo rendered more readily perceptible by rubbing ^•small 
quantity in tho palms ot;the hands, or by igniting^the oil, blo*ving out the 
flame, and noting.the character .f the vapours given off. 

* A series*of lests h^ive, hqjvever, jvitliin the last few years been elaborated ot 
a much more searching and scieutifle oiiaracter, €Re sy.stem of examination now 
generally adopt^nl for ;iscertAiningi the quality and purity of fatty substances 
involving a series of determinations^witli refei^nce to tlio following points : 
Specify Gracity at definite tempeValflires of the fat. 

1)0. do. of the fatty adds obtained by saponification. * 

jheltivg au’l Solidifying* Pdfnts of the fats. 

dt). of the fatty acids. 

Viscosity. required*to pass thfbugh an orifioe of a definite 
and at a 1 nowj^ temperature and^ressure. 

lci^ii7v.-5-Estimation of the amount of free orgaific acid. 

Amount of <ilkali required for complete saponification 

Temperature ReaMi<m. --Km, of temperature observed pn 
mixing with concentrated sulphuric acid. ^ 

Maidin jReae^ioA.’-^Effect produced by nitrous acid. 
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i .TESTINa OILS. SPECIFIC, GRAVITY. ’ ’ • 

Bromide and Iodine Absorption . — Quantity absorbed under conditiorift 
that prevent the formation of substitution products. '* • * . * 

IkhimovSt with solvents. . ’ , ® . 

Colour Beactions prod^uced by acids, alkalies, arfd otRef reagents. ^ ’ * 

Cohesion Figures formed by phyping a drop of oil upon wateij^- • ' 

Ahsorptioyi Spectroscopic observation of absorption bands. / 

Expositre tf> Air , — Obsewation of drying properties*. * 

Specific Gravity. — The density of an oil has always been considered to , 
be a matter of importance, as giving indications of its quality ; b^, the ^ 
manner in which this point is fretpiently determined for f dm raercial -purposes 
can scarcely bo regarded as satisfactory. Th8 attention paid to sligjht 
alterations in the t4irni)eraturo of the sample* is insuliicient, a point jvhicn 
(owing to the high ccfeHicient of expansion of oils by hejj^t) it is^ highly 
necessary should be carefully observed. Tho oleometer sometimes employed 
is often graduated in an arbitrary manner that does not tend to pronujt,e 
exactness in the observations mifde, and has but littl(f pretensipns to scientific 
accuracy. Tf a sjimplo of oil which is fluid under ordinary circftmstpnces, be 
ea,refully brought to a temperafrure of 15.5° 0. (60'' P'.)*by imiitersing the 
hydrometer tube containing it, in water at that temperature, results of a 
very trustworthy character mty be obtained by means of an ordinary , 

* * « i 2. 



‘ Westphal’s Hydrostatic Balance. 


hydroiqoter, provided thgit* the accuracy of the xx«.- mv^xx 

viously tested. GreaVer reliance can, however, be placed op rj^hulls obtained 
by the use of a specific gravity botfle, the density being flSTtermined by • 
actual weight. This is also tho case when Weslphal’s* hydrostatic balance, 
Fig. I, is employed, which consists of ,a counterpoised thermometer or 
plummet suspended to the beam. On immer.sing the plummet any liquid, 
the loss of weight is jLscertained by {fdjusting. riders until equilibrium is 
restored. With such fats as are ordinawly of a solid or semi-solid con- 
sistency, it is necessary to takS the density at a* high tempenjture ; tlifit at 
which water boils at the place where the laboiutoty is situt^J^ed being 
generally adopted. For thiS purpifto a Westj^ial’s hydrostffoic balance may 

a Sprengel tube, which consists of an elongated U-tubp ^ 
of glass, Fi^^27Terminating in two capillary tubes bent at ri^ht angles in 
opposite directions and protected by caps. ^The tube filled with the oil to be 
tested is immersed in a vessel of water kept at the desired temperature. 
WJien the oil hasv acquired the same tempq^*ature the water, the quantity 
is adjusted so that it fills the tube f«om the extrefne, point of one capillary 
tube to a Aark orf the other capilfary. 
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* The foUdwijig^sults were obtained by Allen, wate* at 1 5. j* C . (60° F.) 
being»repreftent^ by looo : — 


Nature dilor r^t. 

At 15.5® C. (60® P.) 

• • 

t)8'*-99° C. (2o8.4®-aio.a® F.) 

Rape oil . 

. 915.0 

863.2 

• Cotton-seed oil , 

^25.0 

872.5 • 

® Ca*tor qil . 

• • 9 (> S-S 

9096 

Sperm oil . 

S8j.7 • 

83 d .3 


Alfp^t'. 122'* F.) 

98° c. 

Tallow 

895*0 

... . ^ 862.6 

• • • 

At 40° C. (iV F.) 

• 

Lard . • . 

. . 898.5 

860.8 

• 

At 60® C. (140“’ P.) 

• 

•Japan wax 

• 

. qOI.S 

875-5 


The densities of flio fluid oils can be compared with those of a more solid 
dfiar^cter by taking th^ density of tlie latter at a temperature at which they 
are liquid, apd again* at the boiling point of water. 

The^densities of solid iats or waxes may also be determined by dropping 
small fraijments *or globules (obtained by allowing small particles of the 
melted material to cool very slowly) into dilute alcohol at a temperature of 
15,5® C. (60"^ F.), the strength of which ft so adjirsted that the globules 
remain in equilibrium in aily^part of the liquid, llie density of the fat is 
determined by taking that of the liquid. The samples of solid fatthould be 
deprived of any water or suspended matter they may contain, by keeping 
them melted for a short time at as low a temperature as possible, and ^ 
filtering through dry paper# * • • 

'J?he estimation t)f thi- sp. gr. of the fatty acids obtained by the sapo- 
nification of samples of the i‘at under examination is of great assistance in 
determining the nature of tne fat, the difierence in the sp. gr. of the fatty 
acids being frequently of a more definite character than that of the fats from 
which they have been obtaiiv 3 d. ^ 

The following table 8ho'''^s*the sp. gr. of a series of oils, and also of 
their fatty acids as determined by Allen, water at 15.5'' C. (6cf F.) being 
represented by 1000. 



Oils. 

* Fatty Acidg. 


At js-s” C. 
( 60 '^ F.) 

gathoQlC. 

,>5-5'*C. 

C. 

Olive oil ... 

Rape oil . . 

Linseed oil . 

Cotton-.?{^d oil 

Arachis oil . *. 

Castor oil . . 

914-917 

915.0 

0 P5.0 ^ 

925.0 

• 9^2b 

. 905^5 • 

863.2 

8S0.9 

872.5 
867.8* 

909.6 

solid • 
solid g 
?23;3 

solid 

solid 

950*9 

84^b 

845.8 

861.2 

846.7 

846.0 

896.0 


t • 

Melting* and Solidif^mg Point%— The melting points of the solid 
fats, as pointed out by Dufly, to some extent with age, the apaount 
of ^ree acid they contai», a^id the circumstances under which they are 
submitted to*the inguence of heat. If a fat be subjected for any length of 
time to a deg»ee cf heat cgnsiderablj^above -its melting point and then 
allowed U coolf the temperature atwhich it again assunies a li qui d co jid iA i fti*- 
Vvili be appreciably lower than w 5 uld otherwise be the case."" If'melliud very 
generally adopted for ascertaining what is termed commercially the melting 
point, but which is, more correctly speaking, the solidifying point of fats, is 
to put the melted sample into a warm beaker, or test tube, •and stir the con- 
tents slowly with a thermometer (previously warmed), talking care that^he 
bulb of the thermqu^ler is completely immersed in the melted £at. When 
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the fat begins to solj^ify, the thermometer^ is closely watphed until it ceasef 
to rise, and remains stationary for one or two minutes, when tne teinpe^atUre 
observed is registered as the melting point of the fat, or wa^.^ Sometiijiies a • 
mean is struck between tjie temperature at which the fat begins to melt ^d 
its soli(^ifying point, the figure thys obtained being taken as melting 

point. * * * . t K 

Great accui*acy could scarcely be expected from a method which reqifjres 
some experience to obtain a constant number, and it is not surprising that 
the results obtained by different* observers exhibit an appreciable variation, ^ 
often amounting to mor^ than i F. • * 

A rapid and more satisfactory method of ascei*taining the melting poiqj 
3f fats and waxes fo» commercial purposes is to*melt a sample in a test tube, 
md pour out the mass, •leaving only; a thin film covering thejbwer poi 4 ion 
of the tube. The tube when cold is placed in a vessel of water, the tefn- 
porature of which is some degi*ees below the melting point of the fat. Th^ 
water is then very gently heated^ with constant stirrilig, and 51s soon tho 
fat begins to run down the sides of the tube, the temperature is noted, and 
taken aer that of the melting point of tho fat. If the fat or**wax is mixture 
of several kinds, having diflerent melting points, the temperature at which 
it is completely melted, as well »s that at which it begins to run, is noted. 
This method has the advantage of -allowing several /samples to be examined 
it the sayie time, and under precisely similar circumstances, each test tube 
oeing removed from the bath as soon as tho fat begiiii. to melt. Tlio results ^ 
)htained in this manner wheit* comparing two samples of fat, are so sharply 
leaned that no doubt can arise as to wjiich .of the samples has tho higher 
nelting point. 

Rudorff covers a thermometer bulb with a layer of the fa‘t and immerses 
t in water, which is very gradually warmed, and the point at which tho fat 
eaves the bulb and begins to ascend through the water is noted. 

The following is stated by Allen to yield very satisfactory results. The 
mhatance is melted at a tefaperaturo slighjbly ‘above its fusing point, and 
vhilst in % molten condition is drawn up into a very narrow glass tube 
'made by drawing out one end of a piece of ordinary (piill tubing), in which 
t is allowed to solidify spontaneously. After ^an inUu-val of not less tha^i an 
iiour, the tube (open at «hoth ends) is attached by moans of* a cork, or of an 
iiidia-ruhber ring, to Uie stem of a thermometer in such a manner that the 
part of the tube containing l^bfJhstanco the melting point of which is to 
be ascerfained, shall be at the same level as, and in close proximity to, the 
bulb. ’iThe thermometer, mth the tube attachial to it, is then immersed in 
water, ft'hich ft gradu^illy heated (.at a rate not exceffding 0.5“ 0. per minute) 
until fusion of the contents of tho capillary tube takes ’pLv^a^ when the ^ 
temperature is recorded. source of- heat is thevx removed, and the 

temperature at which' the fat resolidi(ies*is observed. In cases in which the 
melting and solidifying are not notably di(jhront,'it is not unusual to record 
the mean of the two observations as tjie^*eal melting point. If is advisable 
to immerse the beaker of water containing the* thermometer in an \)uter 
vesseralso filled with water, and to apply \Tie gou^jee of heat to the latten- 
Bensemann,* in taking tho melting point of fatty ac^ds, places a drop of 
the previously fused material in the wide portion of a tube 4irawn*but very 
at one end. Th^tuhe is then ^aced in a beaker of water which is very 

the^fatty acids begin te flow down the sidus of the t\jbe,* ‘ 
when the tempemture is observed. This is termed the initial poinpt of fusion. 
Thei heating is continued until the last tra<fe of turbidity disappears, when 
the temperature is again noted, the latter being tended tho concluding point 
of iusion. He states that the two points arft easily .distinguishable, and that 
there is fr^uently.a difference of 3°-4® C. between the^. With fats, the 
‘ • “Jour. Soc. Chcni. Ind,.” iv, fiSSc]. 
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^o&oluding pcHnt o! fusion is clearly znarked th&i is the case wicn fatter 
lidsi^and in elai^ning the former he considers that the ini^l point only 
e^lip registered, ^ • 

The determinatitm of the melting point of fatty acids is in many cases of 
nportani.service in detecting the presence of the oils from which they have 
een derived, ^he melting point of the fatty acids from cotton-seed oil, for 
xalnfle, serves to ^oint out a marked (Ustinction between this oil and 
e^eml of the other vegetable oils which are liquid at ordinary temperatures, 
jvlll Tse -seen by the following table. * 

Meltwg point ofth% acids obtained from the under-mentioned oils as 
determined by Hiibl. 


Kature of Oil. 

Cent. 

• 

Fah. 

Kiastor oil . • 

. . • 130“ 

... 

55-4“ 

Linseedf oil 

. . 17*0“ 

... 

62.6 

Hempsoed oil 

. . *19.0® 


66.2“ 

Jllape 0^ • . 

T?oppy oil . 

. . 2(]fl“ 

. . 20.5“ 

... 

68.2“ 

68.9“ 

Ohw oil . . 

. . 2^.0“ 


78.8“ 

Cotton-seed oil . 

37-7" 


99.8“ 


Tor taking the melting point of fagiy acids, Archbutt considers the 
method des* ribed by Bacl^ to be the most satisfactory. This consists in 
introducing some of the fatty acids into.a narrow test tube, an|} allowing 
them to solidify. Heat is then gradually applied by means of a water bath, 
and the temperature noted at which the liqiiW fatty acids become perfectly 
transparent. The melted acid# are^hen allowed to cool, and the tempersjture* 
noted at which a cloud begins form. 

Viscosity.— This is dVermined by ascertaining the time occupied by a 
known weight or measure oil in passing through an orifice of a definite 
size at a known temperature, and under a uniform pressure, as compai*ea 
with a given standard, for which rape oil is sometimes taken, but more 
commonly water, or glycerA. .This test applies more i>articukrly to lubri- 
cating oils and is fully described under the head of Petroleum Oijs. 

Acidity.— The determination of the amount of acidity m oils, is a 
tiueslion of great importance, inasmuch as, when used for lubricating 
imrposes, it cauSes them to act rapidly on metiUs, a»d when used lor burnmg 
in lamps, it promotes the charring of the wick. Arehbutt considers that ^ 
olive oil containing more than about 4 pe* cmj^. of free fatty mds cannot bo 
rec-arded as suitable for lamps. Acidity m a.sample of oil nia/ some 
ca^es arise ft-om the oil not having been sufficiently wasned from tliHlmneral 
acid (sulphuric or hyditichloric) used in the process o^ refining; thi* may be 
ascertained by agitating the < 3I with waim water, separating the latter and 
testing it with a solution ef methyl orange, wljicli will produw an “ 

red coloration if any mineral. acW he jnesent. 

presence of free fatty acids, arisffig from the decomposition of the o*] ^y th« 
Ltion of the ail-, or from other caijse^ proJncing what is term^ lancidity 
canrtbt be estimated in thiS way, since the fatty acids of the nxed <»>8 “e 
then most part insoluble yi watori Sampli* of od were formerly tested foi 
acWitv by ol»erving the action they exerted on brass, or copper turnings, an< 
no Lcc« 4 ful attempt appe^ to Live been yiade to determme the 
amount of ich acidity prior to ilsi, when Hy pann showe d^ 
• nraeticabiUtyof estimating the free fatty acids m an alcoh«l«w3S®3C® of to 
K til, presence of glycerides. In estimati'ng this aoidity, a wea 
alcoholic soliriion of phenolpbiffialein is employed as indicator, any frto am 
that this solution might contain having been pi-eviously neutralised by tb 
addition of a few drop^s ef a solrttiou of caustic potash, until “ 
was nroduced About five or siJc giUnjs of the oil or fat to,be tesl^ 
irfl,roLeed into a* 'flask, or beaker, with about 50 c.c. o^stjong a.cobol an 
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leated to boiling for a few minutes in a^water bath. .Before •pouring th^ 
Icohol on t6 the oil or fat, a few drops of the phenolphrChalein sojution • 
hould 4)0 added to the alcohol, and the liquid made of faintly tj^rple 
olour (if not so already) by a drop or two of standard sWistion of alkali. ^ If 
he oil ^contains free aciS, the colour disappears at once, and semi-normal 
olution of (jaustic potash is slowly added with continual, rotation of the 
lask, or beaker, until the purple colour is restored. This purple tint Vill 
LOt remain for any length of time, gradually disappearing, owing to the 
ction of the excess, of alkali dn tho glycerides. It is necessary fhJt the 
itration should bo caref.uHy hiado on account of.tlj ‘3 high combining 
quivalenis of tho fatty acids ; tho mean of the e(^uivalents of palmiti*!' acjS 
256), stearic acid (2i?4), and oleic acid (282), bciftg 274, pr about fire timq? the 
rinivalent of potasli (KOH). In prder to avoid the trouble and kliour 
iivulved, in calculating the total amount of fatty acid existing as 8u6h, 
•r contained in the fat united . with glycerol, from the saponificatiop 
(|ui valent, this is generally rejn-esented by the amount of caustic p6tash 
KOII) required to neutralise it, whicli is Cijually useful and enables a more 
lirect comparison to be made between the results arrivckd at bji different 
ibservers, and also between fats consisting of dillerent fatty acids. The potash 
lumbers obtained may be readily^fConverted into those which represent fatty 
,cids with tolerable accuracy, by. multiplyiiig, by a factor, obtained by 
ividing the combining equivalents of the fatty acids by that of potash. In 
he case *of tallow which consists of tho glycerides of palmitic, stearic, and 
leic acids, this factor is reprdwented by the figure 5, and in^ tho case of rape 
il,^he combining equivalent of the fatty fields, of which is exceptionally high, 
he factor would be larger. If soda be the alkali employed in the saponiti- 
ation of the fats, the numbers arrived at can easily bo converted into terms 
if K.OH so as to secure uniformity in comparing the results of different 
ixperiments. 

The following table shows the amount of free fatty acids generally found 
n commercial oils and f a ts^^ including some d^iterminations in samples in 
vhich the lucidity was exceptionally high. 


Nature of Oil or Fat. 

l| 

P(‘r(;c>ntajfe of 
lequ.rcd ior neutrul- 
18111}? freo Itttty acid. 

Free Fatty 
Acid. 

. • 

Observer, 

k 

* ^0 s 

Abu# 

Mm. 

Mean. 



— • 

TalloNy, Russian . 

,, •Australian 
„ • „ * beef . ^ 

„ „ DlllttOU 

„ Town 

„ „ (6 yrs. old) 

Rape-seed oil . • ' 

* 

M H * • 

Linseed oil 

,, „ boiled 

Cottati-seed oil . 

Olive oil, Lucca . 

„ Seville* 

„ Malaga .• 

„ Me.ssina 

II ‘ 

36 • 

4 

5 

1 

9 

49 

5 

2 

3 

3 

I 

32 , 

35 

19 

•12 

28 

2.44 
(Fatty a 

1.77 

1.43 

1.38 

r« — 

I- 3 I 

5-5 

0*32 

1.59 

0.14 

0PS2 

lO.O 

'25.1 ! 
16.9 
25.2 
16.6 

0-43 

oids rang 

0.35 

OIZ 

0.91 

• 

0.21 

1.7 

0.15 

ce 93 ' 

0.03 

0.58 

^.0 

0.9 

4.1 

0-5 

1.23 
ed from) 
0.89 
0.78 
1. 14 
5.00 
o.*-56 

*0.24 

1.26 

,0.10 

0.63 

4.21 

« 

• 

! — • — 

6.15 
1.2-4. 7 
4*45 
3*90 

,5.70 . 
25.00 
3.20 
2.95 
1.30 

• 65 

•5 

• 3.2 

20.2 

4.4 

6.7 

7-3 

10.9 

9.1 

Decring 

Tate 

Deeriug 

• >w . 

Archbutt 

Deerkig 

t 

A^ihbutt* 

• i’ 

V 

M • 

« 


Most of the above samples were taken from bull? representing very large 
.elft^eries. - , • 

• * Freo fatty acid» calculated as oleic acid. ^ ^ 
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• 

• Saponification^ — Amount of JZOH required for complete ^ponlfication 
of the jail oe lat** the determination of the total amount of po^h required 
‘ n;b^ <;onvenie^tly made at the same time as the estimation of aciclity, in 
intinuation of th^ process already described, the of^ration being carried out 
. a flask. After neutralising the free i^id present, the semi-normal (N/,) 
coholic solution, of potash is added in considerable excess,^ 50 c.c. being 
in Info the flask, to which is attached a refluJc condenser ; the alcoholic 
juft is then boiled for an hour by means < ‘f^a water bath, and the excess of 
itaglf dsed, beyond that retjuired for th^ saponiflcatjon of the fat, is 
icertained, hy titritiof; h.tak with normal sulphuric acid. The percentage 
; polish required for the* complete saponification of various oils, and fats, 

Is b^n determined by a nuiftber of chemists, the result® obtained agreeing 
I i»ost cases i)i-etty closely. ArclibiiU. lias found* as the I'esult of the 
xafnination of abouU30o samples of olivc’i oil that the potash number for 
jjs oil varies from about 18.8 to 19.2 per cent., and that in the case of rape 
il frcfln the exaininatjofl of uj>wards of 50 sjfmples that it varies from about 
7.0 to ij.fi per cent. The samples examined represented large deliveries of 
il select((^as goiiiaine, aial received at <litTcrent seasons of the year. The 
umbers given iui cotton-seed oil vary from 19. i to 19.6 per cent, and for 
inseed oil from 18,7 to 19.5 per cent. • 

By the saponification of » suinple of o'il or fat, oft a considerably larger 
calc than ilr-t above described, followed by distilling oil* the alcdliol and 
issolving the soap fortued in water, admixture with mineral oil may be 
otected, and the amount of tlio adulterant cj^imated, by determining the 
[uantity of oil unacted upon^bytetho alkali. The refining of petroleum oils^is 
low carried out to ^ueh perfc.tion, that tlioy are not only completely 
‘ debloom od,’’ but tlu'y aii also in some cases deprived of tlie characteristic 
)dour and flavour by which 'he ordinary refined oils are capable of being 
•eadily distinguished. 

By the saponification of neutral fats, the fatty acids which they contain 
?aii be isolated and examine*, ajid these in mjfhy cases exhibit points of 
iiflerence of a more marked cliaracter than the fats from which they have 
been obtained. The amount of glycerol which the neutral fat yields on 
decomnosition, can also be detc^miiiied if necessary. The determination of 
^dyceiil is a mattA* of some little difliculty on accouifb of the volatility of a 
[joiicentrated solution at the temperature of boiling wifter, although Heliner-' 
has shown tiiat a 50 per cent, solution kept Ht 413*3 temperature for twp hours 
scarcely sustains any loss in weight. Various illothods have at dif^rent 
limes bcc’ proposed for the determination of glycerol. Of ttiese ib%ill be 
sufficient to mention three: The permanganate method originally proposed 
hy Fox anil •\Vtinklyii, and mbsequently modified by Benedikt and 
iZsigmnridi, which depends cto the (Ixidation of glycerol to oxalic acid in 
an alkaline solution, hy mf-aqs of potassium or sodium permanganate. This 
metiicd was abaodonod by Beiiedi^ in favour* of the acotin process, devised 
by Benedikt atid Cantor, which depc^idi on the conversion of the glycerol 
into triacct'n, uy subjecting it to tho action of acetic anhydride »The 
predict of the I’eaction is di*so|jpe<l in a small quantity of warm water, the 
solution co'd' d' and the free acetic acid in the cold liquid is neutralised by a 
weak solution of ^•anstic soda (%-3 per coi^.) ; the^triocetin is then saponified 
by boiling the solfition for ten miiyites with a standard i© per cent, 
of carsth ) ia,*the excess of alkMi added being titrated baCrVitfinormal 
acid. * Lastly^ the dichromate method as devised by Hehner,* which consists 
in quantitatively oxidising the gfycerol to carbonic acid by treatment with 
a standard solution of po4a.'sium dichromate and sulphuric'*acid, the exa^ 
oxidising value of which has been* j^raviously ascertained. About 3 
•*“^our. Soc. Ohem. Iud.,”*viii. p. 7 [1889J. • ® 
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of the fat ia which the glycerol ig to be determined i; ^ponified in tlfe 
usual manner, with alcoholic solution of potash ; the resultmg alcoholic soap 
solution is diluted to about 200 c.c., and the soap ^decomposed •hf •the * 
addition of sulphuric acid. The fatty acids are filtered bff, and the ^tj^ate * 
containing the glycerol and washings (amounting to about *5*00 ' c.c.) is 
vigorously boiled down in a covered beaker to one-l^alf its Dulk, ^nd the# 
glycerol determined volumetrically by adding sulphuric acid and standardised 
solution of dichroinate. ^ • 1 ' 

It is of course obvious that, such a method cannot give accurate ifesults^ 
unless the glycerol is free from impurities capable of ‘bethg oxidised by the 
potassium dicbromate, t - 

The quantity of* glj^cerol usually contained in oils- and fats is shoWn by 
the following numbers : — * , ' » 


Nature of Fat or Oil. 
Olivo oil 

Tallow 

* Cocoa-nut oil 
Linseed oil . 


Castor oil . 

^ Northern whale oil 
Japan wax . 

Myrtle wax 


Glycerol, per cent. 
. » 10.26 

. IO.1-1I.4 

. 9.9-10.0 

. ‘ 13 -. 3 - 14-5 

. 9.4-10.0 

. ^ 10.24 

. 9.39 

9-13 

. * 11.96 

. 11.6-14.7 

, 1 0.3-1 1.2 

I3-3S .. 


Observer. 

I Hehner a 

‘j3enedikt,& Zsigmondi 

t,’ • * !; 

>» i» 

Hehner 

Allen 


Benedikt k Zsigmondi 
Allen 


The amount of glycerol recoverable by soap manufacturers is stated to be 
not more than 7-8 per cent. 

Maumenfe’s Temperature Keaction is based upon the rise of tem- 
peratui’e which takes place when an oil is mixed with concentrated sulphuric 
acid. The most approved method of ea.rrying|Out this test is to weigh out 
50 grams of the oil into a ^all beaker of about 7 ozs. capsudty, which is then 
immersed* in water (say at about 15^-20'' C. ; 6o‘’-68“ F.) until the oil lias 
acquired the same temperature, when the beaker is takem out, wiped dry, 
and dropped into a nest of cotton- wool, pre\\ously prepare;! for it, in % wider 
beaker or other receptacle. A i-eading of the ihei-mometer immersed in tlie 
^)il having been takei?, 10 c.c. oi^sulphuric acid of a sp. gr. of 1.844, contain- 
ing not less than 9^ per wiTb. of real acid (llj.SO^), and of the same tem- 
peraiwre, is allowed slowly to run into the oil, the time occupied being about 
one n^ute. ^ The mixture is well stirred all the tiiue with the thermometer, 
so as to incorporate the oil and acid as perfectly as ppssible during the 
addition of the acid, and subsequently^, so long as the tempofattire continues 
to rise, the highest ;point reached being noted. 

In order to obtain unform results, it ij essential that the mode of operat- 
ing should be stiictly adhered, to in every particular, slight deviations which 
might be regarded as of no importance having been found to give^ rise tc 
notajblo* differences m the results. It kiiadvis.able in canying out a number 
of experiments, to include iff the series aa ott known to 1^ genuiiJb, and 
capable of being used as a standard for comparison wi 4 h others of unknown 
quality. ^ # • • * 

fnllpwin g ^terminations show the rise of temperature that may 
expected to take places — * * • 



17 


• MSTINO fiUfi. ELAIDIN REAC 3 TIOir. • 


Siatfo/ Temperature in degree* Centigradem 


Nature of OIL 



Observer. 

Olive oil . • . 

, 

40 - 45 " 

Archbutt 

1 } 


42“ 

^ Maumen^ 

Cofl^n-seed oil, refined 

4 i'’- 43 * • ... 

74-75" 

AUen 

>» )» * ■ 


77 “ 

Baynes * 

i» »» 


67 “ 75 " 

Maumeue 

, Niger-seed oil . 

• 

Si ’-82“ .... 

81^ 

, Alien 



82" •... 

Baynes 

Linseed oil 

«L 

103" 

Maumen 4 

Rape.oil . 


104“-! 1 1® 

Allen 


57 “- 5 {^“ 

Maumeno 



S8“-62’ . ... 

*Archbutt 



51"- Go" 

Allen 

n 


S 4 “- 6 o^ 

Dobb 

Lard oil . ^ 


41“ .... 

Allen 

TallkjW oil . * . 


4 1 “-44" 

Maumen6 

►Hempsecd oil . 


98" 


.\j|;iGhis oif 


67“ 


8 esaine oil 


68" 


Waiaut oil 


101“ 


Popp\ seed oil . 


86-88" •... 

• 0 


It is obvious ! rom tho above iloteruiiiiatiops, tliat tlio difference jp the 
of tenjperaturo oiisotfved with several of the above-Dientioned oils is 
sufficiently wide to afford valuable information in*the examination of mixed 
oils. • • • 

Exposure of olive oil suiilight vas stated by Moschiui many years ago 
to interfere with this test, a • regards this particular oil. Archbutt has 
made some valuable remarks reg-rding this t<'st iu his paper on oils pub- 
lished in The Journal of the Society of Chemical Industry," vol. v. p. 303 
[iS86\ 

Eialdin Beaction. — This fest.was applied by Poutot so far back as 
1819, for the detection of adultuiation in olive oil, and is based upon the 
fact that olein, when subjected to the action of nitrous acid gas, is converted 
into elaMn, an isomeric modification, solid at tho ordinary temperature. The 
reagent ^employed Sepends on the power possessed by a solution of mer- 
curous nitrate in nitric acid, of retaining nitrous acid, and is prepared 
by dissolving 0 parts by weight of mercimy in 7^ parts of nitric acid,^. gr. 
1.35, without application of heat. Ono part by wdght*of this solution is 
shaken up wi^h 12 parts of the oil, and the agitsftion repeated every^len 
•minutes for two hours ; the* bottle containing tho mixtuip is then put a 
cool place for tiyeiity-four hours, wh n the consistency of the mass is noted, 
k and found to be in the aase of*genuiiie olive oil hiy’d and solid. Boudet in 
1832 showed that the active principle of tins reagent was nitrous acid. The 
solution, ” i^cn fresh iy made, is*bluisfl^green, but rapMly undergoes changes 
that destroy its 'activity. But little aypgars to have been done as regards 
tho appli<!atLon of tuis test until quite recently, when the subject was inves- 
tigated i>y Axchbutt, who foun^i tlpit employing nitric acid of 1.42 sp. gr, 
a reagent could hf' btamed which could be kept for several days, and yielded 
more conatanJ results, It is prep|^rod by dissolving i c.c. of mercury in 1 2 c.c, 

I of ctld nitric acidj Of this gi'een solution, 2 c.c. are shaken up in a wide- 
fbodth stoppe ’ '»ttle with 50 c.c. of the oil to be tested, the mlatare b^hg 
agitated every ion minutes for two hours, or until solicfification takes place. 
,^he bottle containing the mixture ft set aside for sixteen hours, when the 
* ^ardness of the ela’idin is tostfvl by pressure with a glass rod# A genuine 
oiiV^ Ail gives Ipmon-colourgid elaidin of t o firm a character Ss to resist the 
pv^ure of the glass rocj. * Lard oil arid almond oil also yields hard^laidin, 
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bafc linseed, hempseeS, walnut, and other drjdng oils remain in a more or ]^ss 
fluid condition, wfiilst the intermediate* products yielded several, other 
descriptioJis of oil are of various degrees of consistency. . After twdnty-four ' 
liours at 10° C. (50° F.), arachis, niger-seed, cotton-seed^ ahd sesame hils give 
orange-coloured products, whilst cod-liver oil and menhadei\.oiL giA?e red 
ju’oducts of varying degrees of fluidity. 

Bromin6 and Iodine Absorption, — The suggestion to mal^ euse of 
the absorptive j)owers of oils and fats for bromine, as a means of exaiciining 
into their constit potion, was ifiade more than thirty years ago by (^ailletet, 
who proposed to employ an iilcoholic solution of bromine and an afcoholte 
solution of t\irpentine, the strength of wbicli in terms of theobromine 
solution had been determined. An aqueous solution of potash was\ ,dd(Sd to 
the oil, and then anoxcess of the bromine solution, the amount of IjUOinine 
not absorbed being estimated by' means of the turpentine isolutionf Such a 
method was open to very serious objections, arising from tlie rapid cliange^, 
Avhich must occur in the alcoholic bromine solution, and from the liability of 
the oil to oxidation and hromination ; whereas no' part of *the absor[)tion 
sImuM l)e due to the formatioifof substitution products.. In 1H83, Mills and . 
Snodgrass pro[»os(Hl to em])loy carbon bisulphide as tlie common solvent of 
the bromine as well as of the, oil or fat, by which a more permanent solution " 
of bromine was obtained as well as the fm;thcr great advantage of securing 
as far as possible the absence of water, and very satisfactory results wero 
obtained by theii* method. , „ 

Tiic oil or fat having been first dried, either by heat or by filtration** 

' through dry j)aper, was dissolve*! in the bisulphide so as to make a solution 
of 10 per cent, oi' somewhat less strength, 

A doHiiite volume of this solution was then ])laced in a narrow-mouth 
stop})ored bottle of 100 c.c. capacity, and diluted with more bisulphide solution 
to about 50 c.c. A decinormal solution of bromine in carbon bisulpliide was 
then run in gradually and in successive portions, witl) agitation, until the 
colour of free bromine remained po'manenft for a (quarter of an hour, ex- 
posure^ to direct sunlight being carefully avoided. To a similar bottle 
containing 50 c.c. of cai-bon bisulphide, standard solution of bromine Avas 
added until the tint in both bottles was the same. The quantity of bromine 
added in this blank experiment is ded?icted from tlfat require*!!^ in the 
absorption experimmts. 

In order to avoid the nectfsity of employing such an inconvenient solvent 
as cifrbon bisulphide. Malls subsequently adoj)ted carbon tetrachloride, by 
the,?ise of Ayhich a more stable solution of bromine can be obtained. About 
o.iigi’amof the oil (previously deprived of ever/ trace of moisture by beat, 
or by filtration tlirougli dry paper) is placed in a stoppered bottle of about 
100 c.c. capacity, and dissolved in 50 c.c. of carbon ^tetrachloride, prGviouS,ly , 
dried by calcium chloride. An approximately decinormal solution (8 grams 
per litre) of bromine in dry carbon tetrachl&ride, the strength of which has 
been accurately determined, is then tfdded gradually to the solution of oil 
until a, colour is obtained lasting f^r‘*fifteen minutes. This is then compared 
A^th a colour similarly produced iit a blank experiment, and thus the 
amount of bromine actually absorbed ‘by Ihe oil is ascertainedT. More 
accurate results are obtained by using a considerable excess of bromine, and, 
after the addition of a small qdantity of a solution of potassium iodide and 
“^Stapeh, titrating ‘each with a standard s^filution of sodium thiosulphate. • c, ® 

Baron Hiibl prbposed the use of iodine in preference, to brohiine, as 
possessing several advantages. The action of iodine alone is not sufficiently 
energetic, b?it this was remedied by employing an alcoholic solution of* 
iodine in conjunction with mercuric chloride. This reagent is prepared by 
dissolving 25 grams of iodine in 5<iO c.c. of nearly absolute alcohol, free 
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fjpm fusel oilj and 30 grams of mercuric chloride, in An equal measure of 
tne s^me solvent.* Tlie two soluti<fti8 are then mixed, anfl allowed to stand 
for twelve hours. . The solution requires to be standardised immediately 
"bef of e 'using it, ’Wlych is done by titrating with a decinormal solution of 
sodium thiosulphate. With the imsaturated fatty ^ids or their glycerides, 
this sodio-m’«rcurial chloride solution foiAns chlor-iodo additive products, 
.the q\^a«tity assiiAilated being given in terms of iodine. For determining 
the aangunt of iodine absorption, the quantify of a drying oil recommended 
to be ^aken. is fi'om 0.2 t o 0.3 gram, froia? 0.3 to o.^ gram of a non- 
«(lr';ing oil, liiid from 0.8 to 1 gram of a solid €at. Tile oil or fat is dissolved 
in lo c.c. ol obloi'olTtrii!, au8 the solution mixt'd in a stoppered flask with 
20ic.'c./»f the standard solutioi^of iodo-mercuric chloride and agitated; more 
cldor(^form should be a'dded if the solution is not cl^r. The quantity of 
iodiye solution lidded should be such that the liquid still retains a brown 
^ colour after standing from three to six lioiirs. In order to ensure the full 
anlouiit of absorption, tl^e iodine added sbouid be largely in excess of the 
(juantit) likely 'to be absorbed, even as much as double this amount may be 
employed? After y, lapse oi iliree to six bfturs, from 10 to 15 c.c. of a 10 
per cent.- sotution of jiotassium iodide is run in, and after dilution with 
150 c.c. of y ater, the free iodine, which is partly in the aqueous and partly 
in the chlorofei m solution, is titrated with a solution o^sodium thiosulphate, 
it is necevssai v ^ make a blank experiment at the same time, in order to 
pbtain the standard \ alue of the iodine solTition. The amount o? iodine 
absorbed is calculated info units per cent, on tljp fat or oil, and is termed 
the iodine degree. The following ijumbers show the relative absorptive 
powei’s of various oils. • 


Nature of o l or l-'at. 


Iodine 

j.b.iorlK'd, per cent. 


Mills. 

liiibl. 

Archbutt. 

Moore. 

Wilson. 

Ulive oil 

85.0-96.4* 

8<.6-84.5 

82.7-^3.9 

^3-4 

78.5-84.0 

Rape seed oil . 

1 IQ.4 

07.0-105.0 

100.8-102.4 

103.6 

100.^-102.7 

Linseed oil 

120.8 

156.0-160.0 

— 

155*2 

148.5 

Cotton-seed oil , 

79.5 

105.0-108.0 

105.9 

108.7 

106.0-110,1 

iScisame oil . 

75-2 

i#i5.a 108.0 

105.9 

102.7 

— 

* Aracliis oil 

73.3 

101.0-J05 0 

• 

87.4 

— 

I’oppy-seed oil 

80.9 

135 0-137.0 : 

— i 

'134.0 

— 

t'oeoa-nut (ul . 

9.1 

8.9 

• — 

8.9 


' Niger-sced oil 



132,^ 



Lard , 

59-3 

57.6 60.0 

— ^ 

61.9 

57.I-6CIO 

Tallow . 

• 

40.0 

— 

• 



40 o-4f.9 

• 


*J'he exjicriments coiiductei^ by iV^ills wore made with bromine, but the 
results were calculated by Alien ynt» iodine iiAmbers by multiplying the 
fjgurt : '^•tualls o>)taiij d with bwomine by so as to facilitate com- 
parison with the direct iodine absorjjtions of other observers. 

It vtill be noticed that the drying*oi!s, and especially linseed oil, have a 
liigh iodine degree. ^ * 

Cdlour Relictions. — The vAiiety of the colours developed on mixing 
fatty oils lib didei^nt chemical reagents, naturally suggested the idea 
thnt they might ^ found sullici^ntly charActeristic to be «f service in deter- 
►mining^tbo i-iiri/byof oils, and i if, detecting the presence in mixed oils of 
such migiiL^nave been employed for purposes of adulteration. With this 
object in view, a series of tests were devised, many yeai's ago, by Calvert, 
and also by Chateau, who instituted a very elaborate series ^ experiments 
i-elative to the effects produced by mixing oils with caustic soda and acids o^ 
Uifferent strengths. Some of the reactiobs noted, which had ref^noe to 
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the various shades (ft (colour produced, ye no doubt o{ service in detecting 
adulteratiohs, provided the amount of such adulteraticfft is considerable, 
although ft would be unreasonable to expect that reactions, which ^ ’liable 
to alterations from so many causes, should be capable bftafibrding any trust- 
worthy information as to the amount of the adulterant employed, more espe- 
cially when in many cases the anafyst is expected to draw his cpnclusions from 
data that depend on such nice distinctions of tint as Come under thS descrip* 
tion of a dirty yellowish-white and a slight yellow, as well as such fine-ftrawn 
differences as are. included ih the numerous shades of green ahd® brown. 
Moreover, it must be 'remembered that the s^^ades^ of ^ colour produced arb 
liable to be greatly modified by the age and*' condition of the ofl under 
examination, the .proportion of fatty acids 4 t contmns, and the di^e6* of 
refining to which it has been subjected. ' 

In compai’ing results obtained with colour tests^, it is essential that the 
method of working should be in every particular precisely the same, and^ 
since the tints produced are liable to be altered by very slight caujfes, it is 
advisable for reference to have samples of oils of known purity e^^mined at 
the sAme time as those under <k*ial. 

The various colours produced by the action of sulphuric and nitric acids 
of difierent strengths on oils ^*6 many of them very characteristic, such as 
the violets and dark^reds given by some fisji oils. One of the most useful of 
these colour tests (especially fpr olive oil), as well as the easiest of applica- 
tion, consists in placing 20 or 30 drops of oil upon u white porcelain plate, and 
hvhen free from motion) putting in the centre of the oil one or perhaps two 
drops of concentrated sulphuric acid,«takii?g note of the changes of colour 
that take place within five or ten minutes. 

Olive, rape, cotton-soed, and mustard-seed oils exhibit characteristic 
changes of colour, all of them widely different from those of animal and 
hydrocarbon oils. With respect to the tests in which concentrated sulphuric 
acid is agitated with the oils, the danger of charring may bo guarded against 
by dissolving a drop of the oil in 20 drops.,of 'darbon disulphide and agitating 
with a ^rop of the acid. 

The methods adopted in applying these several tests arc extremely varied. 

Zecchini, in using nitric acid, recommends an acid of 1.4 sp. gr. free from 
nitrous acid. Equal measures 0^ the oil and acid are shakbn together 'for half 
a minute, and then^allowed to stand for five or six minutes. 

Hauchcorne’s tost, as extenaied by Stoddart, consists in agitating in a tost 
tube S-5 measures df oif with one of nitric acid, sp. gr. 1.32 ; the mixture is 
heaL^d for five minutes by placing the test tube in boiling water. It is then 
takeu out, allowed to stand, and the changes of colOur which take place within ' 
an hour and a half noted. » 

Massie agitates 3 measures of the oil with measure of colourless 
nitric acid (sp. gr. i;.4) for two minutes, r The colour to be noted after the 
oil and acid have separated. 

Glassner pours the oil cautiously inlo an equal measure of red fuming 
nitric acid, observing the colour of tbe oil, and also that of the zone that 
forms between the oil and acid on starfaing, 

Renard has observed that ankydrous stannic chloride produces a violet 
colour with rosin oil. ^ . r * 

Allen employs' stannic bromide in preference to the chloride, the delicacy 
of the test being increased by the presence of free bromine. He prepaJfef^ 
stannic bromide by allowing bromine to fall drop by drop on granulated tin, 
contained in a dry flask immersed in colih water. The stannic bromide, with 
excess of bromine, is then diluted with 3-4 times its volume of carbon 
‘^bisulphide, in which it dissolves. 

A fqw dropg of the sample of oil ‘are placed in ^ dry test tube and dk- 
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sitved m x c.c. of .carbon bisulphide* The bromide reageiMb is them gradually 
added, when (If rosin oil be present) a violet colour be proceed ; the 
colour dn the case’ of .pure rosin oil is so intense as to requii’e dilutiod with 
carbon bisulphide, ih order to render the tint perceptible. 

Both’B^Ws test and that of Baudouin are more particularly useful in 
the exaijiinaticfti of olive oil, and are described as special tests for that oil. 

* i^haviour with Solvents. — The fixed oils are insoluble in water, and 
lor the ’n^pst part are but little acted on by /)old alcohol, but they dissolve 
^'ea<liiy*in boiling alcohol, especially if it be g,rihydrQ,us. ••The glycerides of 
the lower fatty acidsf such a!^ those contained in cocoa-nut oil and porpoise 
oil-as u(ell as the glycerides of linoleic acid and recinoleic acid are those 
which Ire the most easily soluble in alcohol, castor oil being especially dis- 
fcingufthed by * 4 s solubility in that mensk-uum. The*best solvents for oils 
are etluT, chloroform, earboii bisulpliide, bcaizcne, glacial acetic acid, oil of 

* tui^jeiitiiie, and light petroleum. As regards the last solvent, castor oil is an 
cxceptioi 1 , being-practiaalty insol uble in all petf oleum products. The solvent 
action of glacial acetic acid on oils has been ii\vestigated by E. Valenta., The 
oil is mixed •with glTicial acetic acid (sp. gr. 1.056) in equal proportions in a 
test tube, and the mixture heated until a clf^ar solution is obtained, or the 
^mixture begins to boil ; a thermometer is th«n insert(^ and tho test tube 
removed from t]>e soiirco of hemt^nd allowed to cool slowly, tho temperature 
being recorded at vdiich tlio solution becomes turbid. This reaction Infcs been 
liitudied by many chemists who have generally worked on quantities varying 
from 3 c.c. to 5 c.c., and the turbidity temperature is usually regarded as a 
valuable test in the exjiminati^n «f oife. The results obtained, however, are* 
not quite so constant as is desuuble. The turbidity temperature appears to 
be influenced by various ciiube.^, "uch as the amount of free fatty acid con- 
tained in the oil. The presonc > of moisture increases the temperature at 
which the oil becomes turbid, and appears to interfere with the solution of 
rajio oil. Tho subject, however, appears to require further investigation 
before this test can be completcdy ixjlii'd upon for distinguishing between the 
various oils ordinarily employed tor illuminating purposes, as even in dupli- 
cate experiments with the same sample of oil considerable variations in the 
results obtained noj unfrequently^occur. This solvent may, however, be of 
serviceibu special cases, such as that mentioned by Valefnta, who proposed to 
employ glacial acetic acid at 50" C. (122® F.) for the separation of mineral 
from I'osiii oil, the former being but sparinglj^ and the latter readily, sj^luble 
in the acid. 

Cohesioj Figures of Oils. — In some special* cases it is useful to*Bote 
' the figures produced when a drop of oil is allowed to fall gerftly on* the 
surface of still watJfer contained in a flat porcelain dish of sufficient dimen- 
sions. Tho oil first slowly spreads o^er tho surfacip of the water, forming a 
disc which subsequently con tr.iqJ/S, o^ing to the cohesion between tho particles 
of oil ; diUerent oil^ producing characteristic figures in about 30 or 60 seconds. 
The changes th£ft take place are of suclj delicate nature, that the observer 
requires ^n exporiuuced eye in order to be able to derive from them any 
information that is likely to bgi of seAnce in enabling him to distinguish the 
several constitiufi 's of a mixed oil. 

Absorption SpQctra of Oil|t — In cases jnuch useful information 

may be gained observing the absorption spectra of *pils, inasmuch as 
%nfmal oils d utfgive any definite absorption bands, T^hilst in the case of 
many vegetabl* oils (due to the chlorophyll they contain) these bands are 
frequently well marked; this test^ therefore of service in detecting the 

* presence of olive, rape, or linseed oil, when mixed with sperm or lard oil, 
Tl* the vegetable oils are highly refined, or have been long exposed to sunlight| • 
their power of producing absorption bSinds is seriously diminished. 
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Exposure to^Air. — The relative tendency of ah oil to solidify, ly 
absorptiorf of oxygen from the air, may be determined by exposing thin films ■ 
of the oil on gloss, sized paper, or porcelain, in the saAi^ manner as lta< long 
been adopted by varnish makers in testing linseed oil, the qua\ity.of which 
is of the greatest importance in the manufacture of varnishes. 4 his tendency 
to harden may be promoted by raising the temperature bf tno air. • After 
exposure for from twelve to twenty-four hours, olive oil will remaincfluid, 
rape oil will have become a little thicker, cotton-seed oil will have a?lt^ed to fl 
still greater extent, whilst link'ed oil (which is the typo of a good dryihg oil^ 
will have formed a more or less solid coating.* As'^ regards other tests i-hat 
have been proposed, the two following claim attention : — ^ t' 

The rotatory powder exhibited by certain oils when a ray of polarised light 
is passed through them may b(5 t/lkcn advantage of, for the' detection of the 
presence of oils that are capable of exerting this mfruenco, such as rosin oil,, 
for example. , « a 

Tlie action of sulphur cblf)ride on oils has recenily boon invc'stigated by 
several chemists, with the vie^v of employing the ehlojido, SyCUi i^^ testing 
oils, and the results of a series of experiments have been pnblislied,* but the 
reactions require to bo more ^boronghly examined before they can bo relied ■ 
upon, as affording trustworthy evidence of the constitution of a mixed oil. » 

' VEGETABLE PATS AND, OILS. 

^ The vegetable fats are^inost al)undant in the seeds and fruits of plants, 
and of these the most important am oil gst ‘‘those used for illuminating pur- 
poses is the oil derived from rape-seed. 

Rape-seed Oil, or Colza Oil. — This oil is obtained fnun several species of 
the genus Ilrassica, belonging to the natural order Crncifer.T, the seeds of a 
great number of varieties of which, both cultivated and uncidtivated, arc 
crushed for oil. Jirassica cainpestrin is gi’own in France and 

Germany for this purpose, as well as iu efther parts of the world. The seed 
is of a ruddy brown, and known iu Germany as Kohlsant (colza). J». crnnpcM- 
triSf var. rapus (rape), yields a blue-black seed, and that of />. cMmpi^^tris^ var. 
mpa (riibsen), is nearly black. These sowiral species arp dislinguisl^cd from 
each other by slight ‘differences in the radicle leaves, and in the form of in- 
florescence ; they are further subdividcMl into summer and winter, as well as 
annual and biennial plants ;*these several varieties gradually merge into 
eaqji other, the oil yielded by all of them being practi(;ally the same. The 
culture is Cifrried on in llussia,, and extends east>ya,rds from the valley of the 
Danube, through Fersia, to various districts in India, where large quantiticvS*^' 
of some of the finest seed are gr6wn, as w'cll as mucli of inferior quality. 
Tho finest Indian seed it: •'bright yqllow, and'‘'yields'as largo a percentage of ‘ 
oil as any European seed. Tlie Black, ^ea seed is well known as being of 
inferior quality, as is also that called “ Ravison,” which is the produce of an 
uncultivated plant of Continentjil. growth, large quantities of which are 
imported into this country. More a,|i{eiition is paid by tho crushers to the 
district in which the seed fs grown, than* to the precise species of the plant 
from which it is obtained. The se6d from different peaces varies considerably 
in colour, as wel^as in its general appeawiice, so that-fr\jm these character- 
istics anyone iuithe trade can judge pretty accurately of Hts quality, andforiji • 
a tolerably correct estimate of the amdimt of oil it will yield. The , English, 
French, and Belgian seed yields from 165 to 170 lbs. per quaHer of 424 lbs., 
or from 38 to 40 per cent., of a greenish coloured oil. The cake left aftey, 

^ pressing out^'ijie oil has also a greenish tinge, ahd is of a much less pungent 
and irritating chai'acter than thp cakp from a dow class of seed ; so much so, 

, ^ * “ Jour. Soc. Chem. Ind.” v. 55a [rJso]. c 
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tlfet it constitutes a valuable food for rattle, whilst cake wade from inferior 
seed is ^generally used for manure. Of the Indian seed there are several 
well-known varieties, jbhe finest being the yellow Guzerat (which is Ikrgely 
crushed at Dantzichs well as in this country), the y^low Cawnpore, and the 
yellow Soufiijieane, yielding from 35 to 38 per cent, of oil. The next in 
quality |ire th6 Madras, brown Calcutta, and brown Cawnpore., The yield of 
a very fair quality of Indian seed maybe ta1 on as being from 140 to 150 lbs. 

<)£ oil ne^; quarter of 416 lbs., equivalent to ^rom 33 to 36 per cent., whilst 
'lu ’^deTd of uncultivated s(*e<l, such as “ llavijpn,” could not be estimated at 
lore thr.ii tVoin 20 fo 33 pcj cent. 

^Th^imports of seed into this country amounted, in 1882, to 548,806 qrs., 
lull bbing one of tho chief centres of the trade. 

Within tho ^xst ton ol tvolve years giuat improvenfents have been made 
[1 the machinery employed for expies^ing tho oil. The system of wedges 
nd stampers, whicli lias heon in use for so many years in tin’s country for 
iressin*g tlie ground seecl enclosed in horselfair bags, was introduced into 
'England dtovvards tho close of tho eight eonijii century by tho Dutch, ^nd is 
iatod to still 1^1 use in some parts of Holland, on very much the same 
ines as is leta esenLed in a well known pictn^’o of David Teniei’s bearing tho 
late of 1633'. About the year 1845 attmnptf were mij^e to apply Bramah’s 
crew’ press to i his purpose ; biitf tlio results were not satisfactory, since it 
i^as found that a steady increase of pressure was not so eftective in exij^’acting 
he oil as when tho pressure was applied in successive impulses. By the 
Vnglo-American system, introduced a few year.? ago, the largo heavy edge 
tones for grinding the soqd nvero* superseded by metal rolls, and the 
tampers and wedges bj ]iy(lr‘\ulio presse.s, wduu’cby a very considerable saving 
vas efiected as regards tm'^ mount uf powm* necessary for driving the 
nacliinery as well as in tho labviur required, tlio meal being prepared for the 
)ress by moulding it into cjikes mechanically, instead of by hand, ns had 
01’ icrly btHUi the custom. D^the cakes ani moulded by hand instead of by 
)he moulding machine they aro •enclosed in a ‘•horsehair case,” or a wood 
)r paper “envelope ” (Digs. 9 and 10, p. 26). ^ • 

Tho extraction of tho oil is also more comjdete.ly accomplished, the oil 
eft in^tho cake being now not mi>ro than about 6 per cent, instead of 8 or 9 
per cent., as was usual under tho old system. • 

Tlio seed cleansed from foreign matters by screening, passes at once to a • 
series of chilled cast-iron rolls, generally :^o in ^number, set one^ above 
the oth(n’ in a frame having their axes in a vertical plane, and a width 
of 3 ft. 6 iu ^ (Dig. 3, p. 2^). Tho rolls run in bearings, free to slide In the 
vortical frames, the cfi’i^ct produced by the upper rolls being increased by a 
spring pressitrei S(h-ow. The robs ar^ fed from a hopper by means of a 
grooved roller, and the seed is crashed by theniomparatively light pressure 
which b, '•eceives in pa.«sing b^twe?ji mo first and second rolls. The crushed 
seed is i lien direci.ed by means of ai^ iron plate between the second and third 
rolls, where it Undergoes increased pi^s«ure arising from the weight of the 
two upf)er roils. This prc.ssure is (^ntinually increased as it passes bet^jeen 
each succeeding pair, so thati finally tne meal iif as perfectly ground as it was 
formerly by . lih old system of edge stojnes. From the rolls the meal passes 
through a ‘disintegrator that tweaks up 4^he ground mass, into a jacketed 
vessel heated by ^team,and provitl^id with revolving arm^for the purpose of 
k^epij^g tliL contents in constant* motion, termed a* kettle. Dig. 4. This 
vessel, which* has a depth of 20 in. and an internal diameter of 3 ft. 6 in. 
is made of cast-iron, surrounded l)y a wooden frame covered with felt, and 
enclosed in iron sheeting. • In this kettle the meal, which is^kept constantly 

• Tho machinery described is that mauuJacturdU by Messrs, Rose, Downs & Thompson, of 
Hull, jwho havo kiudlv susiflied the cuts. * 
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* Steam Kettle ami Moulding Machi,i3e. 



OJL FBESSINO. 


f.2S ^ 

• "jI 

stored, is heated to a temperate of 7o®-“8o“ C. (^^o"-^i8o‘’ F.), to 
facilitate the exti^ion of the oil. It is also supplied by means of a pipe 
with A ^mall quantity of steam direct for the purpose of moistenii^ the 
meal, so as to bring ft into a suitable condition for pi;pssing into cakes. The 
meal is withdi^wn from the bottom of the kettle in a measuring box capable 
of holding sulfcciept for one cake, and pla<*ed in the moulcfing machine 
(Fig. ^), which consists of two parts, a moulding and pressing airangement. 
this ‘mac^hinG the moist hot metil is wrapped in bagging, moulded into 
subjected to gentle pressure, so as to reduce tlie thickness of the 
cake to inches, Igit ^lot sufficient to extract any oil. The cakes thus 



• Cross section of corapoiyid wrouglit and cast 
, mall<Mible l^rcss plate. 

forrae(> are then placed for *he ^mrpose of extracting the oil between the 
corrugatedmaiJealde iipn plates, Figs. 6, 7 and 8, of the hydraulic press, Fig. 5» 
where they are subjected for aboiii twenty ijiinutes-*-first to a limited pressure 
^of 2 lbs. per square inch of ram, increasing until it reaohes i|-2 tons per 
square^ inch. Fjich press will hold l»,bout sixteen cakes^ which is more than 
double the qifhntity that would be^ the case if the cakes ■were, as formerly, 
^ hand-made, without being compres^sed in the moulding machine. 

When the pressure is withdraw^ the cakes are taken out, stfip^d of thpir^ 
woollen coverings and placal in a paying machine. Fig. ii (p. 26}, by which 
they ^re cut to shape their loose edges trimmed ufi ; these parings, which 
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contain a considei^ble amount of oil, arO' subsequently ground under a snikll 
pair of beH-driven edge stones provided with two carte plates, 'the higher one 
being®perforated so as to allow the ground material to j)ase through ‘ae soon 


Fig. 9. *' 



Oil press Envelope. 

» ^ FIG II. 



Cake paring Michine, 


^8 it is sufficiently pulverised. The meat is returned to the kettle and again 
subjected to pressure to extract the remainder of the oil. 

The newly JJ^^ssed oil is of a dark sherry colour,* &ip.d contains a quantity 
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of*inucilaginous a^d -albumenoid impurities which are*p^^ially removed by 
gravitation, but from which it is necessaiy to purify the oil more perfectly 
by subjecting it to some process of refining, that of submitting it to the 
action of sulphuric ^cid as rooommendod by Tlufmard j;>eing generally adopted. 
For this pufpcso the oil is transferred to tjjnks and heated by steam pipes to 
a ten^m’aiiirtf of •abo^it 70“ C. (t6o° F.); it is tlien vigorously agitated for 
about* an hour with from J to nor cent, of strong sulphuric 
acid, wjfiQli attacks the foioign matters by moving the water they contain 
*111 f charring them tf) a black mass. Tho agitation is sometimes accomplished 
by blo\\iiig steam tlirough the mixture, which is then allowed to remain at 
re^ for dive to six hours for tne charred impurities to collect together. If any 
considorablo arpoiint of ^sulphunc acid were employed, the oil itself would he 
acted*on; this of (,vmi*so, be avoided.as far pof^ihle. Tho oil is then 

conveyed to a washing* vat., where il is mixi'd with hot water containing a 
little caustic soda, with which it is briskly stirn'd for an hour in order to 
remove the last traci^ 8f acid ; a small rprflitity of soap is formed which 
rises as a^scom to the suiFacc, bringing some^of the impurities with it. Tho 
mixed wat(h' and oil remains for a wa‘ek in a clearing tank to allSw tho 
water to sop 'rntc, which is sometimes facilitated by tho addition of a little 
salt. The oil if cle.ti is then drawn oil’, or if«u‘eossary it is filtered through 
bags or somr d v 'porc/us materia 4 such as charcoal or sawaliist; fullor’s-earth 
is frcipiently used foi- tho tiltrntion of oil. has been proposed b;^ Mayer 
to transfer the oil direct fi'om the presses to a centrifugal machino by which 
tho oil is clarified, the albumenoid and mmfllaginous impurities being 
deposited on tin? periphery ^f 4 he (baim, leaving tho oil clear. The oil 
sometimes passed through a hydraulic steam filtt'r (Fig. 12, p. 28), by which a 
great saving of time is 1 as wdl as storage space, as by its use the 

clarified oil can be conveyed U.. the stock cisterns as rapitlly as it is produced 
liy the presses. 

As far back as the year ^1843 ii proposed by Fisher of Birming- 
ham to extract oil from sei'ds i)y using carbefn bisulphide as a solvent, 
and twelve y(‘ars later a patent was taken out by Deiss of Brunswick in 
coniu'ction with tho same subject; but jiartly owing to tho disagreeable 
odoiuvmparted tc^tbo oil as wel^as to the exbaiisttal seed this method never 
came into general use. The se(‘d when prepan'd for* extracting the oil by 
any solvonl ])roct,ss, is not ground into fine meal, but is simply crushed and, 
)»hiced in a series of tightly closed cylinders.* The solvent is admitted to the 
first of the scries for fifteen minutes, and then passc'Tl on to tho next and so on, 
the cylitKiti containing ^le most exhausted seed being always the onefto be 
charged wUli th<^ fresh solvent. The solution when saturated with* oil is 
>conv^eyed to a distilling apparatuf> in which tho solvent is driven oft’ by heat 
and T’ecovered for fift-ther us<*. The last traceiis^re removed from tho oil as 
well , from I '■’o exlian ti d,seed^^ Tlriving steam tlirough them. In 1863 
an English patent was taken out volatile hydrocarbons 

obtainoil from netroleum and shale j)Us, as solvents for tho fixed oils, and 
the deVelopic'mt of the American^jjotroleuni industry since that period has 
brought this s\ stem of extnacti^ui into practiml use. Petroleum spirif has 
the advaniage of dijisolvirig tho oil without taking up much resinous or 
Of' louring mattfft’, and is there^re well gdaptod.for the extraction of oils 
Required for edilflo purposes, or irff' pharmaceutical preparations. Up to the 
pre«<^iD time, however, the extracMon of oil from seed^^ by means of solvents 
has only be^ conducted on a cxmiparatively small scale. 

When the extraction is oarrfbd out by means of pressure, heating the 
meal renders the oil moiPe fiuid, and it is consequently morei easily squeezed 
out ; but when a very tine*oil is rc{|uirec^ a better cx)loured find purer oil eftu 
be gbtainod by presgii^ the meal without the assistance of. heat. 



28 ^ USES OF COLZA, OIu 

Refined rape oil is largely used for lul^cating purposes, but its chief valfte - 
consists in the excellent properties it possesses as an illumihant. is con- 
sidered bj^the Trinity House to be one of the finest; oil^ for lamps,! and is 
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Steam Oil Ftlter. 


still extensively used in lighthouses. It iM employed in Germany as a salad 
oil under the name of Schmalzol, after being deprived of its somewhat acrid 
flStvour by mixing with a little starc^i, ei^osiiig it^to heat until the starch is 
carbonised, and filtering ; a little sweet spirits of nitre is sometimes employed, 
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order to remove any disagreealile flavour. In India* it is used in tbo 
preparation of &rries and other hot dishes, as well as for oljjier edible 
purposes. . * . • 

A genuine refined rape oil should have a sp. gr.pf 0.915; if the sp. gr. 
of a sample as low as 0.914 or higher than 0.916, it should be regarded 
with soipe suspicion ; most of the usual adulterants have a hjgher specific 
*grav^y than the genuine oil. As regards its chemical composition, it differs 
i’roni n^bs^ other fixed oils in consisting to a ^‘eat extent of a glyceride of 
J^iassic acid, (J^oIT^oO,. ^ 

The oil may be ii»pu»o fr«n the inferior quality of the seed crushed, which 
m£^ have contained foreign seeds, or it may be adulterated with a variety of 
lower priced oils. The most u^ual adulterants are mineral oil, rosin oil, and 
linseefl oil. Mii^ral and ro.sin oils may gciit^rally be detdbted, as already men- 
tioned, by the taste, op the presence of these oils may be indicated by the 
' flu€rescence they exhibit, uidess “ debloomed ” mineral oil has been employed, 
in whicli case the (juautify of unsaponifiable dll should be approximately de- 
termined*and *its character investigated. I^osin oil has a remarkably high 
density, var^^ing fi^m 0.980 to i.i,and it consequently tends to raise the 
sp. gr.of rape oil wlum mixed with it. Its pre.sence may also be detected, as 
^already mentioned, by the colour test with stannic brgmide, and also by its 
*effect on polari .ed light, which is«generally dextro-rotatory. The presence of 
either hempseeJ, cotton-seed, or linseed oil wauld bo likely to produc^an ab- 
hormal rise of temperature on subjecting the sample under examination to 
the Maumciie test. The colour observed on adifing a drop of concentrated 
sulphuric acid to 20 drops of oiUvould be of great assistance in detecting iff 
ra{)e oil the presence of several oils not unfre{j[uently employed as adulterants, 
and in the case of rosin or arimal oils the renction would be very marked. 
Animal oils may generally be detected by taste and smell on warming the 
sample. Tho presence of linseed oil would bo indicated by increased drying 
prooerties; cotton-sced oil by^a rise in tho temperature at which the oil 
solidifies, in tho higher mcdtiiig point of the fatty^icids, and by the increased 
density. In testing the drying properties of a sample of oil. Archbutt 
recommends placing about a gram of tho oil in a wat(;h-gla&s side by side 
with a similar quantity of a samj^le of oil known tube genuine, exposing the 
samples in a water oven for about sixteen hours, and«observing the relative 
tendency to ‘■olidify subsequently exhibited by the two samples. ^ « 

Cotton-seed Oil.—This oil is expressed if rom the seed as imported, or 
from the decorticated seed of the coiioii]}\imt,Guss§'irlum^ 
as other vaiieries, and is comparatively of recent •manuiacturc. Att^pts 
were made in Ameiica to obtain Uio oil contained in cotton-seed about the 
vear 18^4, and ivcf'c subsequently sevePal times repeated. Although these 
attempLb were succesirfiil as regards the produ^ion of oil, they had even- 
tually to be relioqnLslied .as u^^pro^alSe. In the year 1852 cotton-seed wa^ 
imported into t liL-, country from ifaypt, for the purpose of having the oil 
extracted, whidii led to more encouraging results, and within the last 
twelve J^ears die oil has become an inmortant branch of industry. In 1881 
the amiual production reach^ 8^00,000 gallons, and the present supply is 
estimated ihwre than three times this quantity. In the year 1887 
500,000 ton'fe of !^:ed were crush^id in the JJnited States, and it is estimated 
that 200,000 tons*of Egyptian Hoejj. are annually crushed in (xreat iiritain. 
In the first half'of 1889 the imports into Hull, chmlly from ^exandna, 
amounted to*77,ii9 tons. The yield of od Ls somewhat variable, depend- 
ing upon climate and the localitjr in which the seed is grown, u e 
average quantity may be taken to be from 20 to 25 per cent.^^ the de(»rti-^ 
uated seed, the Egyptian «eed yielding .rather more th^ the -^ericM. 
The seed, after undergoing the process of ginning to separate the cotton fibre, 
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still retiuns a smj^ quantity of short fib|;e termed “linters,” which causes #ie 
seed to cling together into masses, that are cut in pieces 'by a tnaclaine con- 
structed for this' purpose, so as toi)repare it for being^scre^ned from the sand 
and other foreign matjers with wiiich it is jissociated. ‘ The short fibres are 
detfiched and used for papor-maljiiig, and the seed is either c^-ushed without 
removing the husks, or it is passed through a decorticator ( Fig. 13), tunachine 
which cuts o‘ir the husk by means of knives rotating at a liigh vcloertyj and 
separates the kerru^ls from their outer covering. In Amei'ica it iS usually 
flecorti(‘ated, but^hhaugh tins is done to some ext('nt in this 'coi’iiifry, it js 
by no means general. Very little, if any, doc*n*ticJ?te(i cake is n6w made in 
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Hull, where a very largo portion of ,t seed imported into tliis country is 
crushed. The seed is grouild between rolli, which are of the same*general 
character as those alresady described, but for cotton-i 3 ed the rolls are fluted 
and run at differential ‘speeds. • The in0i.l is heated irf a steam-ja<;keted 
vessel to a temptirature of from 95"-i(?2'' 0 . (204 F.), and the 
mass is filled into staut woollen bags, and subjected to liyaruulic preiisure to 
extract the oil. By pressing at ordinary temperatures witho'ut heating the 
meal a portion of the oil of an exceptionally fine character is obtained. , 
The oil 18^ agitated with boiling \^ater or^ steam to coagulate as far 
as possible the albumenoid and fothey impurities, which for the most part 
sejmrate by gravitation on standing. The oil is th^n .either at thj or/iinary 
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t^ijiperature, ob gently heated to 26”-29° C. (80^-85* F.J, put ii^to a tank, 
and briskly agitated with 10-15 ^ solution of caustic soda 

having a sp. gr. of- 1.07. The caustic soda attacks the albumelhoid and 
resinous impuiities as well as the colouring matters, which ore subsequently 
deposited • orb. standing together with a small quantity of saponified oil, 
forming a ver^ ^ark-coloured sediment, known in the trade as mucilage.’' 
The supernatant oil, wftich is of a light brown or straw colour, is di’awn olf 
\^hou mear and washed with water. The loss> 1 »f oil sustained in this pro- 
cess •«)f fefining varies considerably, according to the quanl^ity of the oil, but 
aboni. 5 per ill. may be n.^arded as the a\^rago, although this maybe 
considerably exceeded in maify cases. In order lo avoid loss from saponifi- 
cation, the use of carbonate of «oda instead of caustic has been proposed, 
and h(is been to some extent employed, but, as might Jje expected, it does 
not act as elledbually yi removing impurTties When a colourless oil is 
reqpiriid, a'*bleacliiiig agent such as an alkaline hypochlorite is sometimes 
resortei> t o ; bu.t this is *001 absolutely nocii*hSary, as the oil may be de- 
colorised ]jy agitating il at a temperature of 150' -175^ C. (300' -350'^ F.), 
with faller’i’,-i aith and sub^'quent filtration.* • 

When exjiosrd to a temperature of o'" -4“ C. (32^-40° F.), cotton-seed oil 
partially solidiiies, and vvlien subjected to pretgure the fluid portions can be 
Svjueezed out, leeviug behind tbqge which are of a meft-e solid consistency, 
the latter coii.>t’ ,uuing what is known in commerce as cotton-seed stearin, 
which is said to be employed in the adulterafJion of lard and tallow find in 
the preparation of butter substitutes. • 

The residuum or “ mucilage”^ left^n refining is boiled with open steam^P 
and treated with sulphuric acitl, winch combines with the alkali it contains, 
liberating the fatty acids, nrai forming a thick black grease. This black 
mass is subjected to the action ot siipeiheated steum, which distils over the 
fatty acids, leaving behind a hard black pitch. The distilled palmitic, stearic, 
and ‘^dcic acids are separated by pressure, and the solid fatty acids thus 
obtained (>vliicl) can be rei!de«ed nearly colqurloss by repeating the 
distillation) form no inconsiderable portion of the cotton-seed stearin of 
commerce. 

The colouring matters of cotton-seed oil possess powerful dyeing proper- 
ties, and the blat;k alkaline mucilage which conty-ins these colouring 
matters in a more or less altered form, when rubbed on the hands dis- 
colours tlumi so effectually that the stain ci^pnot be removed without con- 
siderable difficulty. • • 

Olive Oik — This oil is obtained from the fruit of the olive -tree 
€vrop(ea), of which tiiere ifro numerous vaiieties known to the modern culti- 
vator, althou^pnfy comparatively (ew^re grown to any* large extent. The 
olive tlirives best in a calcareous soii, and near the sea-coast ; it bears a stone 
fruit, the fleshy integument f)f which Contains tK) sweetest of all vegetable 
oils. Il -)f slow } vowlh, begfns totiear fruit when five years old, and attains 
groat age, lasting for several centdries ; when not kept back by pruning 
it grows to a larg size, producing a h^rd and tough timber. It is a native 
of Asi|, and hat. long been cultivated^n ,South(^a Europe, more particularly 
in (Ireece, ItaW ond ^ain, the ^road-leaved olive of Spain bearing a larger 
fruit than that g^’own in Italy. From Europe the oUve was introduced into 
Anwnica, where iUfiourishes, more especiaRy in Chili and*XJpper California; 

‘ itPhas also f " i a climate admirSjily suited to its gio\^fth in Queensland 
and SRuth Australia. * 

Under careful cultivation the«trees are planted in rows, and manured 
with woollen rags or other jiitrogenous fertilisers, much attention being paid 
the pruning. In the Soi^th of Europe the trees come mto«bloom in Aprils 
and the fruit of full size in November,* when the harvest (which lasts for 
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seven or eight weiks) commences. TJie crop is of a somewhat uncer^n 
character, and on an average a good season is not to be etpected ipore than 
once* in ’three years. The trees are liable to be^ affected with; ^nngoid 
growths, the shoots are sometimes attacked by a species of coccus, the leaves 
eaten by caterpillars, &nd the fruit injured by the olive-fly. ^.The trees also 
suffer in the event of a long*continued drought, the frui^ faMing off before it 
has reached' maturity ; to guard against which, artiflbial irrigation is iesort^d 
to in some districts. To obtain the finest oil, the fruit should be^Sther^d 
by hand before it gets too ripe, for if allowed to remain until* it fan^ or the 
trees are beaten with' poles (fis is the case with tlya of the” fruit), tfie 
quality of the oil obtained is inferior. • 

The olives are spread over a floor, where they remain for three or four 
days to dry, the dryjiig being occasionally assisted by a slightly elevated tem- 
perature. For extracting the oil* the olives are crushed, placed in coarse bags 
or rush mats, and subjected to pressure, which, if oil of the best qualij^y is 
desired, should be done as soon as possible after the fruit has been gathered. 
In order to obtain the very finest or “ vii’gin oil, the pulp of h^nd-picked 
fruits is subjected to a very moderate pressure; the residue isfbroken up in 
the bags, treated with hot water, and again subjected to pressure, to extract ^ 
the remainder of the oil. F^r ordinary oil, the pulp is more heavily pressed^ 
the yield being soAetimes increased by a-llowing the mass of fruit in the 
storehouses to ferment slightly (the temperature never being allowed to 
exceefi 36° 0 , ; 96° F.), whiefi softens the fruit and facilitates the extraction 
of the oil. In some districts, the machinery employed for crushing and 
, pressing the fruit is still of a very ci*ide description, but iron rolls are gra- 
dually taking the place of those of a very priftiitive ago which were made of 
stone, and hydraulic presses are superseding those of a more simple construc- 
tion that have been employed for many centuiies. The crushed cake is 
sometimes broken up, stirred with warm water, and pressed for a third time, 
yielding an inferior description of oil. The residue after pressing, or “ marc ” 
(as it is termed), still retails from 5 to lapet- cent, of oil, which is extracted 
by the use of some solvent such as carbon bisulphide or light petroleum. 
It has recently been proposed (instead of using a solvent) to extract the last 
portions of oil by subjecting the “ marc ” to the action of superheated steam 
by which any oil it i^ay contain is carried over as a distill 5 ,te at a temperatui*e 
of i5o“-200° C. (302“-392“ F.), a small quantity of the oil being liable to 
be decomposed towards the cj^se of the operation. The oil is allowed to 
remaiu in large tanks* for two or three months to afford time for the 
muoijage to , deposit, and sometimes it is subjected to a further process of 
pur^cation by agitating it with a solution of 'baustic soda, the clear oil ' 
obtained after sepifration of the water and impurities by i;iul)sidence being 
drawn off’. The character’ ^f the refinecl oil varies considerably according to 
the quality of the fruit, tlie care taken* in its treatment, and the methods 
employed in the extraction. Some desetiptiofls are pale yellow, whilst others 
have a dark green tinge. The green c6lour that is natural to some vegetable 
oils is due to chlorophyll, which becomes changed by exposure to sunlight, 
or to any bleaching process. ^ The gree'uf colour is sometimes artificially given 
to olive oil in order to meet the requirements of those who have a preference 
for <ji]s possessing this tint. ’ , , • 

The finest olive oil was at ofie time ^^lat imported m the well-known 
Florence “flasks, bftt no dependence can i?hw be placed on the quality of sufeh ^ 
oil, as it is very frequ^tly adulterated. It is stated that these flasks ar^ often 
filled in London with cotton-seed oil, which is sold as fine salad oil. The oils 
that are held^in the highest estimation are tho$e which are employed for 
.^dible and culinary purposes, the best of*which js known as “ Finest Cream 
Sublime,” imported from Leghorn. The Provence, Florence, and Lucca 

r * r' 

c t « 



TBSSTS.I^R OUVB OIL. 


• 35 

oiln also belong to this class. Tlio oils from Spain, Ureeoe, Tuscany, 
GalUpolij.Genoa, Sicily, Tunis, and Mogador are chiefly used for. burning 
in and for lidJricating machinery, the lowest qualities being convlrted 
into soaps. That kn&wn as Marseilles or Castile soapjs made from olive oil. 
For burning* ^d lubricating purposes, freedom from acidity is a great 
desideratum, and ii^ this respect the Spanish oil from Seville is. one of the 
bfest of’tfiose mentioneS as used for these purposes. Tliere are peculiar 
fjypilitiSs *at Gallipoli (which is situated on a oteep insulated rock on the 
eflst(;ri^Jbore 6f the gulf of Taninto) for keepii^ the oil frCsh and sweet, in 
tfie lomark'able taiiksihaj} urcecut out of the solid limestone rock, to which 
the oil is brought from a considerable distance for storage. Large quantities 
of oliVe oil are rpfine<l at Bonleau^, although not situated in the oil-producing 
districts. \ , • 

THo usual density oi olive oil at 15.5“ 0 . (60" P.) is 0.916-0.917, the 
presence of any considerable quantity of free fatty acids (a not unfrequent 
occurrence) having a teydSncy to lower the ddhsity. The sp. gr. of a very 
acid oil even be as low as 0.914. , . 

Olive oil Imts a hij^her mai ket value than most of the other vegetable oils, 
and it is consecjuruitly liable to be largely adulterated with lower priced oils, 
and to such an extent is this admixture wdth ioreign o^Js carried, that not 
unfrequently a so called olive oil fe found to contain not more than from 
50 to 60 por cent, ot genuine olive oil. 'Hie cils most fre(juently enipjoyed 
iif this adulteration aro cotton-seed oil, sesame (gingeily) oil, arachis 
(earth-nut), rape-seed, and poppy-seed oil. Large^shipments of cotton-seed ^ 
oil are made from the United Bta 4 es t(f Marseilles, a great portion of which 
finds its way bacjk again uiahu’ the name of olive oil, after paying a consider- 
able duty. The low-priced oli,{‘ ods of Italy, Tunis, Sicily, and Algeria are 
often mixed with cotton-seed oil a id exported as line olive oil. Linseed oil, 
walnut oil, and lard oil are also occasionally employed as adulterants. 
Indict ions of tho nature of the sophistication may be ascertained by sub- 
jrcting a. sample of olive oil to tlie ftillowing tests. • 

The Maum,me Test. — Tlit* rise of temperature on mixing with sulphuric 
acid will be considerably increased by the presence of cotton-seed oil, and 
also by tliat of most jaf the other oi^s generally employed in the adulteration 
of olive oil. • 

Ela^din. Test — Tt has already been stated that genuine olive oil usually 
gives a lemon-etdoured elaidin of a very soli€ character. In adulterated 
samples the solidification is frequently retarded, and tlie elaidin formed is^of 
a softer descrir ^ion, whilst in some cases it may assume an orange or a*fed 
•colour. Archl)utb has made a great number of experimejits with this tftst, 
and the results rf}LhiS extended expeimn(!ft have led him to conclude : — 
u (i) Thnt the test should be cartried out at temperature of 25° 0 . 
(77” I.). and that this temper; ^ure*.should be maintained throughout the 
experimen*’. ^ 

(2) That the* length of time required for solidification is of greater 
importance than tla, ultimate consistent of the elaidin. 

(3) That the I'-’iigcnt, if prppe^ly prepared ar*l carefully preserved, may 

be employed so as retains its deep green colour. x 

(4) That eS^en when every preej^tion hag been taken in conducting the 
^expei :m©nt, a genuine olive oil may gometimes fail to yield ^n elaidin of the 

^uHl solidity, i '?at in condemning^n oil as adulterated, it would not be 
wise tp rely entirely on the results obtained by this test. 

It was pointed out by Moschini Aany years ago that if the olive oil had 
t)een exposed to sunlight, tlie hardness of the elaidin obtained from it by 
the se of this test was diminished.* The precise mode of carrying out the 
test adopted by Archbujit is described in the Journal of the Society of 



, tests for olive oil, , • • . 

Chemical Industry,’’ v. 306 fi 8861 . Ag the result of ex^aent. on eleten 
different samples of oJi\^e oil believed to be genuine, m found^the time 
requfred'for solidification at as'C. (77° FOtovaiyfrop a^ut zoo injujitesto’ 
about 400 minutes. With mixtures the following results were obtained 
• Minutes required foi solidification. 

OJivc uil alone *3^ * « 

'i'lie same oil + lo per cent, of rape . . 320 

+ 20 „ „ • • from 9 to iij hrs.* 

” + 10 „ of cotton . „ „ • 

„ • + 20 • „ „ . . ovcni^lirs. . 

# • • 

Saponification. — The determination of the quantity of potash, 
required for the complete saponification of ft sample of olive oil (besiiles that 
required for neutralising the frq,e fatty acid) affords iiiforipatiou wh#:‘h is of 
assistance in judging of the purity of tJie sainploi A genuine oil Should 
require about 19 per cent, of KOII. This estimate is based on results 
obtained by Archbutt from ^he examination of samples, vhihh vai'ied 
fi’oiij, about 18.H to 19.2 per cynt. ' , 

Iodine Ahsovjjtwn. — This test is of assi.staiice ifi determining the 
genuineness of a sample of olive oil. According to the observations of lliibl, 
a pure olive oil dgos not absorb moi‘e than about 85 per cent, of iodine, 
whilst rape-seed oil absorbs 100 per cent., sesame and cotton seed oil 
105 ^cr cent., po])py -seed, hempseed and walnut oil 142 per cent., and 
linseed oil 156 per cent., of iodine. 

Colonr Tests. — In thh preliminary examination of an olive oil, jdaeing 
a drop of concentrated sulphuric add in- the centre of 30 drojis of oil is of 
great service in drawing attention to any adulteration. The colour produced 
by a genuine olive oil is orange yellow, or very pale lirowii, generally 
surrounded by a broad band of a light green shade. Most of the otluu- oils 
produce very much darker tints, varying accoiding to the nature and 
<]iiantity of the oil used as an adulterant, a knowledge of which can only be 
obtained by actual expedment. ' 

S})c,cial Tests. — llaudouin tests for sesame oil, by shaking up in a test 
tube from 5 to 10 c.e. of the fatty acids (obtained from the sample under 
inspection, and dried at a temperature of no' C.), with hydrochloric acid 
eontainiug 2 per cent, of sugar, a red coloration being produced by the 
fatty acids of sesame oil, which is not the case with the fatty acids of 
olive oil. e 

firull(^ tests for any seed oil by placing 10 c.c. of tlie oil under examina- 
ti(yfl in a test tube, adding o.i gram of dry powdered albumin and 2 e.c. of 
nitric acid. The^test tube is then lieated until the acid boils, the test tube ’ 
being so inclined as to cause the eKillition to mix the oil’ amLjieid tlioroughly , 
together. If the olive .be genuine, 6nly a faint gt oenish yellow coloration * 
is produced ; bi'it should any s(hM oil be present to tin' extent of 5 }>er e(nit.v 
the colour will bo an oiuiigo tint of a darker or lighter shade, according to 
the amount of adulteration. This test lias met with tdie approval of a 
committee of the Agricultural Society of the Alpes-Maritimes. • 

The adulteration of ohve oil witJil eo^ji^n-seed oil reached such enormous 
propoi'tions, that it became a matter of the greatest importance to ascertain 
the best method of detecting this adulterant. In i.SSf' a Commission was 
appointed at Florence to impure into the value of a tesi^ proposed by Becbi. 
After thoroughly investigating the matter, experiment? having been ifiade 
with olive oil obtained from several districts, as well as in difieient cefnditions, 
and with cotton-seed oil from varioifts sources, the Commission issued a 
favourable 'report as to its trustworthiness, when the amount of adulteratioti 
was as much as 20 per cent. This test was .based on the reducing action 
exerted by cotton-seed oil on silver ifitrate. The test has since been greatly 
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Bproved by Milliau,.’who, instead (Jt working with the oils direct, make# 
of %e fatty ^Lcids obtained by saponification of the oil, whereby the 
elica<;y;and trust\pt)rtjimes8 of the test has been much increased. T[t is 
Rserted tliat as sm^Hl a quantity as i per cent, of ^tton-seed oil may be 
ietect<Hl, if thg test be properly cjarried out, which should be as follows : — 

; c.c. of the mekedjFattv acids are dissolved in 20 c.c. of absolute, alcohol in a 
tide test tub(\ The solution is l:)rought to the boil, and then 2 c.c. of a 
po^'Cnt. solnlinn of silvoi' nitrate is added. The fatty acids of cotton-seed 
>il unJtH* these circumstances react with the^silver jitmte, producing an 
mmediate black deport, ^whilafc the fatty acids of olive oil do not bring about 
my such reduction of the silver salt. W. H. Wiley, in using this test for 
:he detection of cotton-sctnl oil ill lard, prefers to employ a round-bottomed 
^orcclaki dish capable of holding about 50 c^c., instead of a test tube, and to 
icidify the silver nitrate solution by the addition of from 0.5 to i per cent 
)f iijtric acid. Tie also considers that the fatty acids, if kept for any length 
Df time,^0' e their powej’ eff reducing the silver Wt. 

Labicly? mi *:es the sanqde oi oil under cxapiination with an equal vojume 
□f a saturate^ olutl^in of neutral acetate of lead, the mixture bfdng briskly 
stini'd, when ati or >uge-r(‘d coloiation is produced if the sample contains 
20 per cent, of cotton-oOfMl oil. Home adulteramts (sueh^s walnut oil) may 
Se detected by th' ^Kyuliar llavoui*they inqiart to the olive oil. 

Olive Kernel Oil.- -This oil, which is frecjiiently extracted by mejjns of 
if solvent, has a higlier dt'iisity than olive oil, the sp. gr. being about 0.920. 

Madia Oil. —The plant from which this oil is cfiitained {Jlladia aaiiva) is ^ 
indigenous to Cliili, and has been successfully cultivated in Asia Minor and 
Algeria. Its introduction into t{erni.*iiy and the South of France (owing to 
tho irregularity with whiidi tu ; K*ed ripims in tlio.se countries) has not been 
attended with tho amount of access that was anticipated. The seeds 
(which are very small) yield from 30 to 40 per cent, of oil, which is of a 
ycllov colour, having a sp. gr. of 0.926. Tho finest oil obtjiined by cold 
pressure can be used as a salad oil, that of inforioif quality is employed for 
illuminating purpo.ses. • • 

Palm Oil. — This vegetable fat, obtained from the We.st Coast of Africa, 
is extracted from the fruit of sevei^d sjiecies of palm, but chiefly from Elads 
(jnineensis^ an oil pjum growing in tropical Africa to a height of 70-80 feet. 
The spadix of this palm, containing the fruit, which is of an orange or reddish 
colour and about tlie size of a })igeon’s egg, •will often weigh as much as 
20 lbs. The fruit is a drupe, con.sisting of a strong ternel surrounded by a 
firm fleshy iii' ‘gumont of a vascular diameter, the cells of which contain the 
oil act* fat in drous or lum})s. The hard stone also yields an oil, but ftf a 
(^jflerent charattttir, ftiore nearly i‘ese..ibliftg cocoa-nut oil, and which is known, 
in commerce as palm-nut or palm-kefnel oil. •• 

Tlic establishment of the 1 yule fn jialm oil was of material assistance in 
suppressj'ig the Afi !'’an .^la\e trade ; Jblie natives finding it more profitable 
to sell their oil the Enghsh, who we^e almost their exclusive customers, 
than to iJncounj ‘r i.ne risks incurred in attempting to run the blockade of 
their p§rt-s with a cargo of tjavq,s, s6^hat the •banks of the Senegal and 
(hunbia rivciv. me^in process of tim^ lined with rude factories for tho 
oxtnxtion of the oil. , * ^ - 

1‘alm oil is nlitjmnediby pressure^ or by boiling wu'tb wa^er ; in the latter 
the od, i *is when cold of vnrious shades of cojoui' from yellow to 
red, floats on tke surface of the water ; it is skimmed off, and put into casks, 
in which it becomes on cooling of* a semi-solid consistency. In order to 
^facilitate the extraction of the c-11, the fruit is sometimes allowid to remain ^ 
in ’ eaps until a certain amcyint of *fcrnjei station has taken jTIace. The oil 
has a slightly s^Njet fla^vpur and an odour resembling that of orris root; if 
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exposed to air it^ rapidly becomes raneid and assumes q. paler colour. ' It 
consists essentially of tripalmitin and triolein, with varj'iiig quMitities of 
palraStic and oleic acids ; it always contains a very considerable proportion 
of free fatty acids, the amount of which increases witJi the age of the oil 
This acidity raises the melting point of the oil, and causer* it to exert a 
powerfully gorrosive action on metals. Pelouze and Boudet found fresh 
palm oil to consist of free fatty acids to the extent 01 one-third of its y^eight. 
In a sample melting at 31“ 0 . (88° F.) the fatty acids amounted to^one-hadf 
its weight, and in a sample .melting at 36'’ C. (97° F.) the fatty acids were 
as much as 80 per cent. The results of the ♦more* recent investigations by 
Tate and Archbutt have shown that commercial samples of palm oij. are 
liable to contain as much as 80 per cent, of free fatty acids calculated as 
palmitic acid, , f ^ ^ 

The melting point of fresh palm oil ranges from C. (80° to 97° F.), 

but that of an oil containing a large proportion of fatty acids may be as high 
as 42° C. (io8“ F.) ; whilst itfe consistency may vafy from that of soft lard to 
hard^ tallow. The oil generally contains water varying in amount from 
2 to 16 per cent., as well as solid impurities, 2 per cent.'being sillowed in the 
trade as representing the normal amount. The water may be expelled by 
exposing the oil to^a tempettiture of 104“ C. (220° F.), and the amount of 
solid impurities may be ascertained by disliolving the oil in light petroleum 
and avowing the impurities to subside; these may then be collected, washed 
with a little ether, dried, and w^eighed. 

The sp. gr. of the oil Is about 0.920-0.927, at a temperature of 15.5“ C. 
(60° F.), and 0.857-0.859 at the tomferatnre of boiling water. 

The quality of palm oil, as might bo expected from the vast extent of 
country whence it is obtained, varies considerably. The best brand, that of 
Lagos, is most in demand, and commands the highest pri(;e. In 1880 the 
quantity of palm oil imported into England was 51,000 tons, at a closing 
price for Lagos of ;£^o per ton. In 1883 tl)e imports did not exceed 37,000 
tons, the price for Lagos bhing ^^40 per tdn. In 1885 the quantity amounted 
to 45,000 tons, the price for LagoS being only ^£26 per ton, the price being 
still further reduced at the close of 1886 to ^£22 per ton.* 

Palm oil is extensively employed in the preparation of railway grease, 
and ill the manufacttire of candles. Palm oil as imported does not usually 
undergo any special bleaching process. Much of the colouring matter is 
decomposed during the sajiortdication and 8ubse{iuent processes to which it 
is subjected for the separation of the fatty acids, and remains behind with 
the 'black residue that is left on distilling over the fatty acids by moans of 
superheated steam, or it is expressed with the oleic acid when the fatty acids * 
are subjected to pressure. ’ - ' ♦ 

When a specially colouiriess fatty ^id* is required, recourse must be had to 
one of the usual an'd well-known processes for bleaching fatty substances, 
such as exposure to the action of light, which may be done by simply 
exposing the fat in thin layers to thp influence of the sun, or the liquid fat 
may be -heated in a tank from which j:»ortions are continually raised' by some 
simple mechanical arrangement and all^'wed to fall back again ^n thin 
streams ; or a current of air is passed through the oil boated lo a temperature 
of 54°-6 o° C. (i3o°-i4o° F.). Si?lphuroua-acid gas is somerimes admitted by 
means of a perforated tube to the bottom of a closed vel^^sel containing 
oil to be bleached, fhe gas being drawlo through the liquid by megns of a 
Koerting’s air suction, or steam -jet suction springs, attached to the top of 
the vessel. Direct oxidation of the colouring matter may be effected by „ 
passing oxygen gas through the oil, the oxygen being obtained by the action 

• EetKjrt on Oil and Fatu to the Eoyal Commjssioners of'^the Colonial Exhibition of 1886, by 
Leopold Field. , t 
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of sulphuric acid on binoxide of man^nese, or by Brin’s pipceas, or supplied 
. in the shape of dzone or peroxide of hydrogen ; or the bleaching may be 
attained by the use ‘of more powerful chemical reagents such as chlorine or 
chromic acid. Hypbchlorous acid, or a hypochlori^, is also used in the 
bleaching ’of oijs, a solution of sodium hypochlorite being employed in France 
under the namft oh Eau de Javelle, and potassium hypochlorite under the 
ilame of Eau de Labarraque. 

, Pal^-nut Oil, or Palm-kernel Oil, is obti lncd from the kernels of the 
f^uitr of mfpis' (luweenms. Ii.s composition is of^a more pom plicated character 
than that of palm oil^morc i«3arly resembling cocna-nut oil in this respect, 
cons^ting, as it does, of the glycerides of myristic, lauric, capric, caprylic, 
and caproic acids, besides tho^ of stearic, oleic, and palmitic acids. It 
ranges^rom o.8(^ to 0.B73 at a temperature of 99“ 0. (ano** F.). 

Oil of Illipi (Illipa, Epoi). — This is a, scmi-.solid fat, bearing some re- 
semblance to palm oil, and is obtained fron- the fruit kernels of Cassia 
hmgifolih, which* flouriijhtJfe on the coast of O)romandel ; the seeds yield 
about 30 per cent, of oil having a sp. gr. of 0.947 ; it rapidly becomes rancid 
in the hot clhiriate of India. 


, Mahwa Oil, or Mahwa butter, is obtained from the fruit of Ba^aia 
laiifolia^ a tree ndiiclj is extensively cultivate|j[ througjiout India, bearing 
flowers that are u ,ed as an article of«diet, and from wdiich an intoxicating liquor 
is distilled, having a flavour that is cousiderqjd by some to bear a slight 
il3somblance to that of Irish whisky. It is stated that six gallons of^jroof 
spirit can be obtained from 112 lbs. of the flowers^ The oil has a sp. gr. of 
0.972, and is used for cooking punposesn 

Phulwara Oil, — This oil is*of th ' consistency of soft lard at a temperature 
of 35° 0. (95'" F.), It is obt. in(?(l from the seeds of Baasia hutyraceay the 
Indian butter tree. The seed.> which have .somewhat the appearance of 
blanched almonds, are bruised to a pulp, and placed in bags under a weight 
until the oil is pressed out. The oil is much used as an adulterant for 
Ghee,” the peculiar description of.butter made frtm milk, and which forms 
such an important article of diet vvitli the<jtmtives of Hindostan. ^ 

Shea Butter (Galam, Nungu, Bambouk butter) is obtained fiom*J5a«5ta 
Parkii {Butyrospei'm.um Parldi), a jdant indigenous to tropical Africa. The 
term Shea means ^n th(^ native language tree butler. This fat much 
resembles palm oil, for which it is sometimes mistaken; it is, however, of a 
firmer consistency, and more like a dirty w^ite or yellowish tallow ; its 
melting point varies, that of some samples being below 27'’ C. (80^ F.), 
whilst that c>^’ others is as high as 43° C. (109'' F.).* The seeds are dri^in 
» the sun, ground in a- mortfir, and kneaded into a dough with warm wa^r, 
the fat being ox’^iacied Avitb hoi vater.. It has a sp. gf. of 0.859 
' temperature of boiling .water. Tbev fat generality contains a considerable 
(juantity of free fatty acid.s, and has^ somewhat agreeable flavour and 
odour. • 

Cocoa-nut Oil, or, more coiToctl/, cocoa-nut oil as imported, is a white, 
rancid fat of the onsistcncy of lard, (detracted from the kernels of Cocos 
nuciferci^{butyravea), the cocoa-nut paki^ that flouri.shes in the East Indies, 
throughout the -tropical islands •of the^ Pacific Ocean, and in tropical 
America. It* is q^tenHively cultivated dn the coast of Brazil, and forms 
^ a v< ry important part of the productions* of the island -of Ceylon. The 
^oofta-palm f to the height ^ 60-90 feet; the stem is soft and 
fibrous, •and marked with rings, occasioned by th^ fall of the leaves 
(two of which are said to drop off ojery year), about a dozen leaves, which 
•are sometimes as much as 12^ or 14 feet in length, forming a tufj at the top 
of the tree. In wet seasons, blossouis will make their appearajice every five 
or six weeks, so that fresh flowers andtfipe Uuts may sometimes be found on 
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the tree at the sapie time. The juice, ^ich exudes on making an incision 
into the unexpanded flower spaihes, is known as toddy, ^hich wh^n boiled, 
dowip produces a coarse brown sugar termed in.lntlia jaggeryi, .or, if 
allowed to ferment, yields a spirit generally known ils arrack. The tr^e 
begins to bear fruit wlien it atti^ins the ago of six or seven y^rs, the shoots 
from which the flowers subsequently emerge making their appearance 
during the sixth year. On arriving at maturity, the tree will bear^.on ah 
average from 6o to 120 nuts annually, the quantity depending greaUy 
upon soil and climate, The number of nuts in a bunch varies from »fiVe j^o 
fifteen, and on a good soil a tree mny produce ^romreiglit to twelve bunches 
every year, and will continue to hear fruit for seventy or eighty years. ^ The 
kernels, when cut up and dried in tho shn, are. known in coininerco as 
copperah, or more generally as “ copra,” containing from, 60-80 pfcr cent, 
of fat. The natives of the South Sea Islands simply bruise the copni and 
expose it to the sun in perforated pots, tho oil running out into ve^ssols 
placed beneath. The mills ifi Ceylon are conducted, by Eurqpenns* and are 
well supplied with madiinery suitable for grinding the copra, andcsubjecting 
the ground material to hydraidic pressure ; a great deaf ol copra, worth in 
London from to ;^l6 per ton, is shipped to Europe for the extraction 
of the oil. The c^»T‘n, conl^uns two dcsca-iptions of fat diflering in con- 
sistency, so that whether the oil expressed is of a fluid or more solid nature 
depends greatly on the temperature and pressure. Tlu‘. residue left after 
the fat has been expressed is known as “ poonac.” Cocoa-nut oil is of 'a 
complex constitution, fi 5 r bi‘sides the glyceihlos of myristic (Cj^ll^Ht).,), 

^ palmitic, and stearic acids, it contains* the glycerides of lauric acid 
(C,„Ho 402), capric acid (CjoH.,„Oj), caprylic acid and caproic acid 

(c;ir,;(.),). 

Coco.i-nnt. oil re(pnres a strong alkaline lye for its saponification, and tlie 
ooap formed is much more solnlde in salt water than other descriptions of 
soap, thus rendering it particularly adai)ted for use as a marine soaj). Cocoa- 
nut stearin and olein art the products 'obtained by sulqecting tho oil to 
pressure. < 

Cohoon Oil (Cohune oil) is obtained from the nnt of the cohune palm 
{Altalea cohiuie)’, it is a white, hard fat^ solid at 22** ( 1 . (72“ F.), having a 
sp. gr. of 0.875 tl?e temperature of boiling water, and does not possess 
any unpleasant odour or flavour. 

Sesame Oil, or Cingclly t^^il, known also by tho names of Tool oil and 
Bennb oil, although no'i the same as the oil of Bon or Behcn, is obtained 
frojft the seeds of Scaam'iini indlcaiih (Ortentrdp^ Linn.), a [)lant indigenous to 
India, and largely cultivated in tropical and semi-tropical climates ; it grows 
to tho height of irom 2 to 4 feet. • A great deal of seed, ic imported inio 
Euro]ie from Ceylon and .pgypt, the oil* being extracted for the most part at 
Marseilles and other' places in the 8duth of J^rance. The seed contains from 
45 to 50 per cent, of oil, 30 per (!ent. qf which may be extracted by simple 
pressure, and the remainder with tho a.ssistance of steam' and hot water. 
The seed gi-own in the Levant yields from 5 to 6 per* cent, more oil than the 
Indian seed. This oil cons},sts of olcftT to the .extent of 76 percent., kigethei 
with stearin, palmitiii, and myristiii, and lias a sp. g%.of about 0.924 ; it hat 
very little odour, and a jnild, agreeable flj^vour ; it is largely u§ed in France 
for culinary purposes, and is by no means a had substitute for olive oil, 
however applied.^ In India, as well as. in China, both the seed an^ oil We 
used for edible purposes, the pressed cake, after the extraction of the oil 
being also sometimes consumed as food by the poorer classes. It is a verj 
common adulterant of olive oil. u 

« The German sesame or Camelina bil is pf another and inferior de 
scription, obtained from the small yellbw or ruddy speds of Camelina mtivc 
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{Myagrum saiwum, Linn.), and is. used for burning* imd for paintinf^ 
purposes.^ . t> 

Oi^ pf Ben or^Bel^en, obtained from the seeds of the Moringa oldfera^ 
or Guilmulina morv/fija^ has but little tendency to become rancid, and is a 
valuable oil for the extraction of perfume from flowers. 

Ram-til Oil, fluizot Oil, or Niger *Oil.— This oil consists of the 
giycerrcles of oleic, palfhitic, and myristic acids, as well as of an acid of 
tl^e linoleic series. It is obtained from iiin seeds of Owizotea ole if era ^ 
whicb js ternuHl “Niger seed” when imported from Africa, and Ram-til, 
or KersoTiee, wii..u fciniprte^i from Bengal. •The plant is cultivated in 
Ab]^sinia and in many paris^f India. Tlio seed yields from 35 to 40 per 
cenr of oil, which is mostly expressed in Germany or England, cold pressure 
yielding 20 to 2^ p(‘r cent, of oil. Tho oil, which liaa a sp. gr. of 0.924, 
possesses slight drying properties, and emitalus but little stearin or palmitin; 
it isin limpid, clear, pabvcoloured sweet oil, and is used by tho lower classes 
of Indiit for edible purposes. The oil is ewiployed in England in tho 
maiiufactyro of soft soap. 

Arachis,Oil ((A’ound-nut oil, Earth nut, Pi*a-nut) is ()btained froih tho 
nuts of Jrar/i,>^ l > a plant which is extonsively cultivated iu tropical 
and semi-tr(jpicn 1 ciin ates, and possesses this peculiar }>rm)erty, that when the 
Rowers wither tl e stalk of the ©vary elongates, and i)ending downwards 
forces tho young seed pod under tho gnmiid ^ hence tho derivation of the 
rtamo ground-nut. Tho plant rr‘(iuircH a good soil, tho seed is sown in (October 
or iSov(unl>er, and the first crop of nuts for eatsug in the green state is 
ready in the following April : the nuti are ripe in duly or August. • 

Ground-nut meal is very nutritious, contains a largo amount of nitrogenous 
constituents, and ranks with hudilsas an artich* of diet. Tho })l:uit, which 
is indigenous to America, is cult'vatod iu vaiious countries for tho sake of 
the oil wliicii it yields, amounting to about 40 per cent. ; this is primupully 
extr ; ]ted in Franco. The nuts are cleaned and decoi ticated, and the kernels 
jrusiu'd and pn^ssed, tho oil 1)ei»ig filtered thr(»ugh bags. Idie oil first 
expressed, amounting to about iS per ce>it., has a sp. gr. of 0.916 to 0.920, 
and is used for edible purposes. * 

Arachis oil is of a pale greenisji colour, has a nutty flavour and an odour 
resembling tbat of peiis. Its chemical constitution is peculiar, the glycerides 
of palmit ic !ind oleic acids being to some extent replaced by those of 
aracdiidic aiad, and hypogieic a(^l, Arachis oil is 

employed as a substitute for olive oil, and is sometinfes passed as such.* It is 
largely emph'yed for adulterating olive oil, in which it may sometinea^ be 
detected by its peculiar lla*vour. It also gives rise to a reddish coloration 
^vhen equal im^ivsufes of the oil an" niti»ic acid, sp. gr. 1.4 (free from nitrous 
coinjiounds), ai'e shaken together. J[ts preeence,^ Recording to Allen, may bo 
detect 0(1 with greater certamty by efti ploying a modification of Ronard's 
process P.tsed on ’ iie is aation of af'hcliidic acid. This acid closely resembles 
in many respects stearic acid, but it has a higher melting point, 7 C. ( 1 6g° F.), 
which kirves 1) d. .tinguish it. * 

Cqpnra Butt er. — This fg-t, know% under ^ variety of names, cokum, 
kokum, Goa r, rmd mangosteeu oil,^s a solid and leather friable fat of a 
white or grVenWi ydlow culoui^ and a somewhat agreeable odour; it is 
obi.xined from th# seeds of (hircinea indica, a native of Western India, and 
consists of . ih, olein, and myrisiin. A similar de.scrii?tion of fat, known 
as gamboge hatter, is obtained from Gardma pictoria*i\ tree growing in the 
forests of the hilly districts of Iifdia, sometimes at a height of 3000 feet 
above the levid of the sea. .These fats are used for lamps, and are sometimes 
' nsuiueu as food by tho poprer natives ;is a substitute for ghee, • 

^ f Alleu’8 “ Orgaific Analysis, ” ii. 106. 
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ISTeem Oil, cy* ^argosa Oil, is oljtained from the fruit of a species of 
margosa, Mdia azedarachia ; it has a bitter disagreeable flavour, ai^d is used 
by native physicians for medicinal purposes. , ‘ ^ 

Myrtle Wax is not properly speaking a wax, but a fhtty body containing 
about 13 per cent, of ^ycerol, ajid is obtained from the beiyies of several 
species of Myrica {cerifera, serrata, &c.); it has a sp, gj. oi 0.995, 
exceptionally low melting point as compared with waxes, being not more than 
40.5° C. (107° F .) ; the solidifying point corresponds closely with the ineltin,g 
point, the difierence between them not being more than about 1“ (),„ This 
so-called wax is extensively employed in the a(kilterati(jn of beeswax and in 
the manufacture of soap and candles. * 

Japan Wax. — This is also a fat containing neayly the same amount of 
glycerol as myrtle wax. It is obtained from the berries of .^everal sp«oies of 
Ithus, chiefly from succndanea^ which flourishes ?n the western provinces 
of Japan and is cultivated in California. Its melting point is a little higher 
than that of myrtle wax, 0. (i24“-i27” F.)‘its solidifying poi*nt being 

about 40® C. (96° F.), and its sp. gr. at 15.5“ C. ifio' F.) is about <?-990* It 
is used for very much the same purposes as myrtle wax. * • 

Crab or Carapa Oil is a vegetable butter obtained from Carapa , 
guianmm^ a tree growing in iBritish Guiana and in "Western Africa, and alsf) 
from Carapa onoluccensis, growing in India, Ceylon, and the Moluccas. The . 
seeds yield by heat and pressure 40--50 per ccmt. of solid fat, having a strong 
bitter flavour ; it consists chiefly of palmitin, with some olein and stearin ; it 
melts at 73.5°-77‘' C. (164^-170° F.), and solidities at 64.5° C. (i4S“ F.). It 
has a sickly and very persistent odffur which greatly interferes with its 
usefulness, as the means usually employed fof* deodorising are in this case 
ineffectual. It is used by the natives as a pomade to prevent the attacks of 
insects. 

Vegetable Tallow. — There are a considerable number of trees dispersed 
over Asia and Africa that produce fatty bodies of the consistency of tallow. 
One of the most importJiut of these is the tallow tree [Stillingia sehifera), 
which cultivated in several provinces of China and to some extent in the 
north-east of India. This tree produces a white brittle fat known as 
Chinese tallow, which forms a thick bal'd l^yer upon the suifnee of the seeds ; 
this fatty substance eonsists cliiefly of palmitin with a small proportion of 
olein, and has a melting point of about 44“ C. (iii° F.). The nuts, after 
being pounded in a mortnr to loosen the seeds, are placed in wooden colanders 
and the fat Is melted off by steam. The operation of steaming and straining 
thretugh bamboo sieves 4 s repeated until the whole of the fat has been 
rempved ; this is then purified by remelting and is poured into tubs, in which 
it is allowed to solidify in masses of about 80 lbs. A fluid' oij is also obtame 4 
from the crushed kernelsj .by boiling v>^itli water and pressing ; this oil * 
possesses some drying properties, and* is used ^n the preparatior* of varnish 
and for burning in lamps. 

Candle -nut Oil is obtained from the nuts of Aleitrites *iriloha, y^hich is 
cultivated in tropical climates, the kernels yielding aV)out 55 per celit. of a 
sweet and limpid oil, which i^emains flfiid at 0° p. (32“ F.). The oil possesses 
medicinal properties of a character siniilar to those of^castor* oil ; it consists 
of the glycerides of linolc^ic, myristic, palmitic, and oleic acads. • The natives 
of the South Sea Islands are in tfie habit of placing the mats on the end of a , 
stick and using them os candles or torch«s,and from this circumstance the bil 
derives its name. ' « 

ANIMAL PATS. 

« « 

Tallow and Lard are two of ^ the mdst important animal fats, and con- 
stituted for many years almost the only source of sy^ply of solid fats for 
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manufacturing ‘purposes. Under tke head of beef and mutton taliow is 
included the fat of other ruminants besides that of the ox and the ^eep. 
Eussian-* tallow consists, mainly of the fat of oxen that are fed for the greater 
part of the year on dry food, which it is well known *tends to increase the 
firmness of th^fat of animals. Eussian tallow has had the credit of having 
been melted arid packed with more than ordinary care ; it is imported in 
(^ks 4dorned with various cabalistic brands, and although neither these nor 
tke celejjrated PYC mark could always be depended on as a guarantee of 
q^ialityk, yet this particular description of tallow^has for many years enjoyed 
a very high repuUitioti (iti so^ke degree deservedly so), which it still retains 
to a^reat extent. Very large quantities of both beef and mutton tallow are 
now, however, received from Australia of a much better (jjuality than was the 
case softe years %go, so that the difference bc^tween the^e and the Eussian 
is in many cases 8carcely*distinguishable. 

As regards chemical composition, tallow and lard are very similar, con- 
sisting of the ^lycerid^s bf stearic, oleic, ari& palmitic acids, olein and 
stearin being the chief constii uents. Tallovw generally contains some, free 
fatty acid, tiw* amouht, when the tallow is not adulterated, depending to a 
great extent on its age. ^ 

Since the esi .'blisbinent of the enormous trade now carried on in factitious 
butters, beef fat i ^ divided into several qualities, some of which are sold under 
diff’erent names, and are not recognised its tallow ; a very fine quality ^^olted 
al a low temperature from caul fat is described as “ butter stock, from 
which is obtained by pressure oloo-oil and oleo-steaiftn, the term tallow being ^ 

reserved for inferior qualities. ^ i i i -i-u 

Tallow usually contains a Httle water and is liable to be adulterated with 
mineral matters, as well as starch, inferior descriptions of fat, and 


especially wdtb cotton-seed stearin. v i j. 

For detecting such admixtures the tallow should be dissolved in liglit 
petrn eum or other solvent, and J^lie residue, when washed with a little ether 
and dried, should be examined forbtarch, cellular tissue, and other organic 
impurities. The mineral substances to bo !nore particularly searched.for in 
the ash left after burning olF the organic matter are lime, the presence ot 
which may be due t^ admixture wiih whiting or a lime soap, and phosphate 
of lime, which may have been added in tho form of bonfe fat. The addition 
of cotton-seerl r;teariii may be detected by tho silver nitrate test as improved 
by Milliau, and also by the iodine absorption ♦est, a description ot bojh ot 

which has already been given (p. 34). _ . 

In Fraiu' , the method adopted for ascertaining the (luality of talloV la 
•that known as Dali can’s, which depends on the determination of the 
solidifying point of Ihe fatty acids, hichf rom a genuine tallow should not be 
► lower than 44“ 0 . (iii‘’-F.). The fatty acids may li« separated by saponifying 
the tallow Avith an alcoholic f , diction* of potash; when the saponification is 
complex, Liiealcohw] is evaporated, a«d the residual soap dissolved in hot 
water and decomposed by the addition qf sulphuric acid ; after being we 
boiled with w^ter the fatty acids are collected and filtered through paper. 
It has been found that when tke solidifying poinUs 44° C. ( 1 1 1 I .) the per- 
centage of soli 1 f.^ty a#id (stearic) in the t^How amounts to 47.5 per cent. ; it 

the ftih'difying point, is as low as 4^ 0. (104 F.) tl'®* 

. tallow will not be nlbre than ss.ii; Iipr cent.; whilst if the ^oliditying point 
^is al high as . . 0.n2 2°F.) the solid ftltty acids will amoupt to 75.05 perconp 
■ and thwe is a table showing the percentage of fatty acids for intermediate 
temperatures. Finkener remarks tflat accuracy can only be attained by the 
*use of a considerable quantity of fatty acids and by very s ow too mg, an 
lit., recommends the employment of^ a globular flask 45 mm. in ^ 

carrying a therniometep having its bulb in the centre of the le 
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be surrounded with pradding and aJIow#'d to cool slowly. Ih this way it is 
stated that the thermometer will remain stationary at th6 solidifying point 
foi’ tfen minutes. . ' , 

In refining or ‘‘ rendering ” tallow, as it is termed, the cells containiiig 
the fatty matter are burst by the agency of heat, and the pai^ieles of melted 
fab flow together. This is sometimes ejected by putting tife tallow (cut in 
pieces) together with a little water in an open vessel placed over a fiijp ; tKe 
mass is kept stirred up, and as the oil exudes the membranous tissue gradually 
shrinks and collects togetbei;; this, after being put into bags and subjected 
to pressure, forms the greaves or cra(!klings lacgolyrusenl for feeding dogs. A 
further amount of tallow may be obtained from tins mass by treating it^with 
some solvent, such as light petrolcAim or carbon bisulphide. Boiling the fat 
in open vessels giVhs rise to objectionable fumes, and is pot so elll^itual as 
using a closed boiler to which steam is admitted for several houi’s at a 
pressure of 50-75 lbs. on tbo scjuare inch. The rendering is sometimes 
carried out in a loosely eldsed lead-lin('(l tank " by boiling with steam at 
the prdinary pressure, togellmr with water containing a small quantity of 
sulphuric acid. * * 

Besides Bussian and Australian tallow, a largo <piantity of hoof tallow is , 
imported from Ilio,de la Pl^ta. ' 1 ’a.llow oil or tallow olein is obtniiuMl l^y 
subjecting tallow to hydraulic pressure ;*■ it luis a s]). gr. of about 0.916, and 
remajns lifiuid until the tem)>(*rature is I’cduced to 6° 0. (43''’ h.). 

Bone tallow or grease is prt‘par(d by boiling bones in an open vessid f()r 
twenty-four hours and •'skimming olT tlu* melted grease as it rises to the 
surface', or the bones are su})ject(‘d tdHhe action of stt'aiu in a closed vessel at 
a temperature of t38°--i 43“ (!. (280 -290 i\) for about three-(piarters of 
an liour. “ Bone oil ” is a dillercnt inab'iial, obtained by condensing tbo 
volatile products evolved in tlu' ealcinatiou of bones for the juirpose of 
making animal char(!oal, in wlucli o]H‘rutiou tluj gelatinous tissues are 
decomposed, resulting in the produediou pf a veiy dark coloured oil of 
unpleasant odour. • 

La’'d is tho fat of swine, thc^ (piality of w])ich depends not only on its 
purity but also on the part of tbo animal from which it is takc'n. The best 
lard (leaf lard) consists of the fat that surrounds the ^ddneys, tiie caul fat, 
and the fat that lies underneath the skin, wl^icli is lirnu'r and less easily 
melted than thc! fat obtained from the jibtloiniiial viscera. Bladder lard 
should be of tho best (piaiiiry, melting at about 40" U. (105“ F.), whilst the 
unseleoted fat, soiiietiihes termed k(ig lard, melts at about 32^ C. (90° F.). 
NciUral fat, made from* the leaf fat of newly slaugbtiired animals, contains 
scarcely any free fatty acid, and is chiefly used in the manufacture of butter* 
substitutes. *' ' . o ^ 

Lard is liable to be«a<Uiltcrated with tlio same class of substances as* 
tallow, and to a still greater extent %itli, cotton-seed stearin, which not 
unusually varies in (piantity from 15, to 50 per cent. To such an extent is 
this the case, and so thoroughly is this admixture a rechgiiised fact, that 
some t)f the largest American manufacturers of lard have abain 5 on(*d the 
term refined lard as applied to thi?i mi.’ijturp, and have substitute#! that of 
“ compound ’’ lard. \ f ' 

(food American lard should , contain yo salt, and less 'than* i per cent, of 

The annual pro^luction of lard in t^re United States ^las been ^stim'kteS 
at upwards of 250,000 tons, about one-half of which is “compound'’ lard; 
the exports amount to 147,000 tons, 4c) per cent, of which is compound lard, 
which, supposing it to contain 25 per cent, of cotton-seed stearin, would 
account for the disposal of a very large proportion of the cotton-seed oil 
produced. 
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LAED OIL. TRAIN OIL. - • 
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Lard oil is -the limpid and neaijy colourless oil obtained by subjecting 
lard to pressure, tKe more solid portions which are left behind constituting 
what ;known as “ la^d stearin ” ; the proportion which the oil expifbssed 
bears to the stearin depends to a great extent on the, temperature at which 
the pressure place. Lard oil consists Qf olein with variable proportions 
of palmitin anA stearin. Its sp. gr. is about 0.915 at 15.5^0. (60“ F.). 

It is chiefly used in tHis country as a lubricant, but it is employed in 
^neriialor ligbtliouse lamps, it is liable to be adulterated with a variety 
of ods|)f vegetable origin, such as cot ton- seed-oil, rape oil, arachis oil, and 
cnco.i nut Ok’iij, and it; coii^icquently necessary that samples under exami- 
nation should be subjected fo most of tlio tests given for oils and fats, 
attefftion being pnrticuhp'ly dii^ctcd to tlie spectroscopic observation for 
absorption baiitl^ inasmueli as a gennino / h 1 slioiild gtvo no trace of such 
bandi?; tlio iodine abs*)rption test and silver nitrate test for 

cott^m-seed oil are abo of especial service in the examination of lard oil. 

Whtile Oil— Traip Oil. “The use of thiff oil for illuminating purposes 
lias of lat^ years rliminishod i -> such an exleiib that, as regards this parti- 
cular applic.iiion, lift! oil cannot bo considered as possessing nearly the same 
iinportanee as was fornicrly the case, mineral oils Imving been to a gi’eat 
extent substitiibsl fus it. 'I’he term whale is fi'equentl^^used in a somewhat 
nidefinite inanm r, as r('preseniing»any marine animal belonging to the order 
Cetacea*, one Oi iJk* true dolphins, Daiphinin tursio, which is about 8 Joet in 
l^mgfh, being sonujtimiis described as a small bottlc-nose<] whale. 

Tho whah's producing whalebone belong to tffe sub-order Mystacoceti, ^ 
and tho toothed whah's to tlu^ suh-ordft' Odontoeeti. 

Under Myslacoceti are inchukd tho Greenland or Arctic right whale 
{Ihdicna helon^big to tho polar s(‘as; it is 40-50 feet in 

length, and yields the larg(‘ht mount of oil. The sonthorn right whale 
(Ji((I(('na 11(181 niUs), of wliicli there are several species, inhabits tho temperate 
sea!- of both the noi-thern and southern hemispheres, Tho huinphicked 
whale UlaliVKoptf’va hoo]( 8 ) is found in the .North* Atlantic and North and 
South i’a-cillc Oceans. Tin's ronpial or fin whale, belonging to the genus 
Balierioptera, is found in all seas except in the Arctic and Antarctic regions, 
the common rorqual (IJ. 'nnfHCKhf^ being 65-70 feet in length. The blue 
vhale (JjahenoplencsihbaUlLl) is the largest of all knowrf animals, attaining a 
length of 80 S5 feet. 

The blubber, which consists of the dense fait seveiul inches in thiejeness, 
lying beneath the skin, is cut in pieces, and stowed away in tho oil tanks, 
iind the oil subsequently extracted by boiling w*ith water. Tho aitmial 
luiittors attnehed to tin; fiiubber undergo incipient deqimposition diifing 
the voyage, and although it a. .-ists*tho extraction of tho oil by causing 
Elie cellul'ir tissue of tlx) blubber become so odisintegrated that the oil 
readily (ixudes, produces at saitie time a very nauseous odour, arising 
from th lurmatioj of a glyceride yaleiic acid. 

The term train oil properly belongs to the oil obtained from the Green- 
land wlr.ile, bi’t- lb is commonly used in a much wider sense, including the 
oil derived from a,ny of the ijiariyio mtlmmals, a«id is sometimes applied to 
ceilain fisli^('il ^ j 

'’Ilie oilltf hefiied.to the temp^ature boiling 4vater, in order to sepa- 
rate the impnritiesihekl in suspension, which after standipg for some time 
ar« dopositi , L-Hb oil when clear being drawn oil. ^ Greenland whale 
will on an aijerago yield about 15 tons of oil and 15 cwt. of whalebone. 
Owing to the large number of ship! engaged in the trade, and the greater 
ease with which the animalfibai e now caught by means of harpootis fired from 
r gun, the number of th^se marine ui^immals is gradually decreasing. 
The sp. gr. of whale oil varies frehn 0.920 to 0.931, and its chemical 
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constitution is ot a somewhat indefinit^character. Besides other glycerides, 
it contains variable proportions of a glyceride of valeric acid.* 

To the sub-order Odontoceti belongs the sperm .whti^le {Pkyset^ macrch 
cephalm), to which aljusion has already been made a^i yielding spermaceti. 
The sperm whale is captured in, all tropical seas, and as much as 6o barrels 
of oil (equal to lo tons) is sometimes obtained from a, single whale. The 
oil is procured from the cavities in the head and also* from the blubber^ which 
is sometimes as much as i8 inches in thickness. Sperm oil has a very Iqw 
sp. gr., 0.879-0.884,. at C. (60“ F.). It has very little tend^pncy to 
become rancid, and its viscosity is but sliglitly#, altered 1 by variations in tem- 
perature. It is one of the finest oils for lubricating light machinery running 
at high velocitie.s, such as the spindles of Cotton machinery. The price it 
commands is stilh comparatively high; this has, however, been«igi'eatly 
reduced within the last ten years, owing to the competition of cheaper oils. 
Sperm oil is not a glyceride, but yields on saponification with caustic potash 
some of the higher alcohols, bhiefly dodecatyl alcohol, together with bleate, as 
other salts of potash. By agitating the saponified product with efher, these 
higher alcohols are dissolved, and may bo separated by drawing oflf the 
ethereal solution and evaporating the etlier. One of the acids occurring in 
sperm oil, physetqjeic! acid^, CjgHjyO,, is identical in composition with 
hypogceic acid, but differs from it in not yielding schacic acid on destructive 
distillation. 

An oil of very similar character to sperm oil is obtained from tlio Dcegling, 
or bottle-nosed whale, kifown in commerce as Arctic sperm oil. This whale 
(Ift/paroodcm o'ostt'atus) abounds in sfummer in the northern seas, yielding 
an oil whicli is nearly equal to sperm in its lubricating properties. It is 
only within the last eight or nine years that much attention has been paid 
to this oil, which originally commanded a high price, but its value has since 
fallen to one-third of that formerly obtained for it. As regards its chemical 
comi)osition, the results produced by the aj)plication of the usual tests so 
closely resemble those obtained from spe^m oil, that practically the two oils 
ai'e scarcely distinguishable from each other. It consists chi(ifly of an 
ethereal salt of a higlier monatomit; alcohol, dodecatyl dceglate, and yields 
on saponification dodecatyl alcohol, and dcoglic acid, 

Sperm oil is very liable to be adulterated with lower-priced oils, and 
hence it is necessary that commercial samples should be subjt^cted to a very 
careful examination on th% following points:—!. Specific gravity, and 
viscosity at different teinperatures. 2. Its saponification equivalent should 
be ‘'(ietermined ; that of sperm and bottle-no.se oils being considerpvbly 
higher (with the excc})tion of some samples of’ shark-liver oil) than other 
oils that are likely to bo employed in adulterating sperm.* I'^perm or dnegling 
oil only requires from 12^3 to 14.3 percent, of potasli, KOll, for complete * 
saponification, wdiilst the fixed oils geberally require from 17 to 19.7 per cent. 

3. The amount of the constituents in ^ the products of saponification capable 
of being dissolved by ether should also be ascertained, and*the character of 
the residue left on evaporation of the other investigated. Spernr oil does 
not usuall}" yield more thaij from 6o*co 6;^ pe^ cent, of insoluble fatty acids, 
and about 41 per cent, of ether i^esidue, whilst ani^jaal and vegetable oils, 
with very few exceptions, yield ^about 9i,per cent, of . insiolubte fatty acids, 
and not more than about 2 per cent, soluble in ether. » , 

Seal Oil is obtained from the blubber of several spebies of Phoca, the * 
capture of which forms one of the most important industriesbof Newfound- 
land. The seals resort to the ice-fields in February when the young seals 
commence their existence, and where they remain for about six weeks, and ’ 
then take to tlie water. The yo^ng seals are jtaken when they are about 
four or five weeks old, by which liiUe the skin and fat will wfeigh from 
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40 to lbs., tHe fat beneath the sMn being three or fouf inches in thick- 
ness. Seals m&y be divided from a commercial point of view into ^ two 
kinds---Hair seals ar^ 5 ’ur seals. The Hair seals do not possess the close 
velvety short fur that renders the Fur seals so valuable; the skins of 
the Hail- seal&i being simply converted inte leather. The skins, and the 
blubber, which furi^)unj|Js the entire body, are removed while the animal is 
still w%rm. The remainder of the carcase i i not of sufficient value to be 
wfuth carriage. The blubber is removed from the skin and piled up in large 
\atfe with perforated sides, through which the* oil which exudes from the 
pressure of th(3 mass*passcs fhto lead-lined wooden tanks. After several 
weel^ the quantity of this oil (wjiich is of the finest description, and known 
as pale seal oil), will amount to as much as from 50 to 70 per cent, of the 
entire^ Quantity. %Tho blubber is then cut in» pieces by machinery and boiled 
with w.'itor or steamed to extract the remainder of the oil, which after 
bleat:hin^ by exposuio to the nun in glass-covered tanks is barrelled off for 
exportation. , ‘ • 

Seal oii consists of the glycerides of stearic^ palmitic, and physetoleicacid, 
together with a small quantity of oleic and valeric acids. It has usually a 
sp. gr. of about 0.924-0.929, hut is somotirues lower than 0.924. It is 
Oniployod for binning in lamps as well as othA: purposes, and is said to be 
used for the c In ‘^''ration of cod-li^er oil. 

Shark-livor Oil.— Shark oil. — The basking shark [Selache maxima) is 
t!io largest fish in the North Atlantic ocean, attaining a length of 30 feet. 

It is taken on tho coast of Norway and on the west coast of Ireland, but the « 
number is considered to be diminishing.* The liver yields a very large quantity 
of oil, as much as from 150 to 240 gallons being obtainable from a single 
fish. This oil is frequently stated to havo a very low density, 0.870 to 0.880, 
but it is probable that the samples from the examination of which such 
numbers were obtained were adulterated. Tho sp. gr. of a genuine- oil is 
stat.' 1 by Allen (who took simo trouble in the determination of this 
point) to bo from 0.91 1 to 0.920 *This oil contains a large proportion of 
unsaponifiable matter, consisting to a grcift extent of cholestrol (cholrestiii), 
and consequently, alter treating with alkali, leaves a large amount of residue 
soluble in ether. The oil is sfiid t(^bo used as an adulterant of cod-liver oil, 
and to be sometimes passed off as such. 

Menhadt n Oil is obtained from Alosa menhaden, a fish found on the 
Atlantic coast of North America, and allied % the Jierring, tho chad, and 
the pilchard. It migrates in shoals from the Gulf stream, reaching^ Jihe 
coast of New Jersey in Aprjl, and that of Maine in May or June, remaining 
there until Octobr: or November. The fish is about 12* inches in length, 
^d is caught ill seines. To obtain the oil the fish are boiled with steam for 
about twenty minutes, ffnd then sull 5 eej[ed to prefcspure. The oil is placed in 
settling tiiuks, a^^d when idic cnattV held in suspension has had time to 
deposit, IS drawn oil and filtered. The oil, which has a sp. gr. of 0.927 
to 0.933, ^ osod*for burning in miners’, lamps and for dressing leather, and 
also, as it poste''‘^ses drying properties^ for adulterating linseed oil. The 
valuable properties of this oil li^ive not been generally recognised until 
within the Ja&b ‘^low j^ars. It is stated that the fish are converted into 
American sarSinef. • 
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STE ARI N E. 

BY 

JOHN MoARTHUE... 

SteaUINE, in a chemical sense, is the name of the ethereal salt of f:;lycerin, ‘ 
present in all neutral animal fats. Industrially and commercially, it is 
applied to the solid mixture of fatty acids, principally palmitic and stearic, 
obtained in the decomposition of fats, find employed for the making of 
candles, but the name more correctly describes the hard fat obtained from 
neutrftl fats by pressing, and ‘is occasionally used in this sense. ‘ 

The stearine industrj^owes its origin to the researches of Chevreul on 
the constitution of fatty compounds, f.nd the action of alkalies and acids on 
them; these researches were commenced in l8ii, and completely published 
in 1823, ui\der the title of “R^cherches Ohimiques sur les Corps Gras 
d’Origine Anlmale.” It is to others, however, that the honour is due of having 
successfully carried out the industrial application of Chevreul’s discoveries. 

From the many names of those who have assisted in the development 
and advancement of thisjndustry, those f)f M. de Milly in France, and Mr. 
G. F. Wilson, F.R.S., of Price’s fatent Candle Company, in this country, 
may b^ mentioned as deserving of special notice. 

Prior, to the publication of Chevreul’s investigations, Braconnot had 
proved that fats congisted of a solid and a liquid pait ; 15 ut it was generally 
supposed that these components were simple substances, and that when the 
fat was acted on by an alkaji, as in the making of soap, direct union of 
the alkali and the fatty body took place. Chevreul showed, however, that 
fats, are really compound substances, yielding, on saponification, fatty acids, 
which combine with the alkali, whilst glycerin ol* glycerol is liberated. He 
showed further, that the fatty acids, resulting from tke decomposition of 
the soap, had a higher melting poini^ than the ^^tty compound whence 
they were derived; which^was'a considexation of much importance, when the 
adds were to be employed for the making of* candles. Their value was also 
increased by the removal of the glycerhi. » 

Chevreul no doubt realised the industrial importance of his discoveries, 
and in. January 1825, con^intly with Gay-Lussac, he applied for a patent 
dealing with the decomposition of fats, dnd *the employm<^nt of the fatty 
adds for the making of candles ; this process oonsisSd 114 the €aponihcatk>n 
of the fat with caustic soda or pStash, an?l the use of ^q)hol for the separa** 
tion of the fatty wsids. Candles made, from the fatty adds, however, were! 
very inferior as reg^ds their burning, and the process was uQver caAded out 
industrially.? Another process, patented a few months later in the name ol 
}£oses Pool^^ but attributed to Gay-Lussac, wai^also unsuccessful practically. 
At consisted in the saponification bl the fat by an alkali, and the distillatiOE 

• Ei^. Patent, No. 5183, 1825., • 
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rtw ^ ir>cr irf* th© fatty ad^ A^out ill© same tiao©, I 5 $iiibafl 6 ijte 
'^ i ni ^ lijig^ ^i3iin}OiD©88l?ul attempt to jpropate fatty acids aiutabl© fot ©asidfiii; ^ 
o JCME. de MiUy and Motard the otedit is due of overcoming the pradfcii^ 
Acuities, and establbhing this important industry op a satisfactc^ bam. 
In 1S31, they -made known their process of lime saponificati^, and having 
litarted a factoryrfor^panring it out, were able to produce their ‘i^ugies de 
ritoilejJ' the name by which the candles of M. de Milly’s firm are still known, 

.1 THE EAW MATEBIALS EMEEOOTD, AND THBIB 

* • Valuation. 

principal fats employed are tallow, palm oil, and grease of various 
kinds ; fh© last n£|aied includes, besides “ melted ” fats, and others of a similar 
nature*, the soUd part from the pressing of animal fats, known as “groase 
steawne,” At the commencement of the industry, and for some time after* 
wards, tallow aloAe was jis^d, but it became possible, by means of processes 
afterwards^discovered, to work on lower class aaid strongly coloured fats, .and 
‘ obtain from them stdarine of good quality. • 1 * 

Neutral animal fats consist sulistantially of tri-stearin and tn-olem, and 
palm oil, of tri-palmitin and tri-oiein. • • 

The following table ^nve--. the •percentages of glycerin and fatty acids 
theoretically obtainable from the three glycerides named. « 


Copi pound. 

Formula.® 

® 1 

Molecular 

Weight. 

Glycerin. 

Potty 

Acldti. 

Total 

Yield. 

Tri-palmitin . . 

Tri-stearin .... 

; Tri-olein .... 

t 


806 

884 

11.41 
10.34 

10.41 

95-29 

95-73 

95-70 

106.70 

106.07 

106.11 


The value of a fat to the stearin© manufactuier obviously depends on 
the percentage of solid acids which it will yield, at the same timp it is 
important that it should be capable of yielding a large pe^nt^e 01 
glycerin. The colour and smell l^ve also to be considered, when the lat 
is intended for the ifiaking of ‘‘ saponified” stearine. • 

The setting point of the fatty acids (or “titre,” as it is commercially 
called), when taken in connection with the ijpsults of the manufacturmg 
process, aftbrds the means of estimating the yield (ff stearine obt^able. 
For its determination, the fatty acids are first obtained by saponifyuijf a 
small quantity of the fat, irf a porcelain basin, by means of alcoholic pot^h, 
dissolving thespapdn water, and decomposing it, by heating with dilute 
TOphuiic acid. * After, washing an 4 drying, t^e, melted fatty acids are 
transferred to a narrow test-tube, and stirred with a delicately grauuatec 
thermometer, unti^ a point is imche^when the mercury in the thermometej 
reiiiains stationary for some seconds, which is recorded as the “ setting point. 

' I'^The theoretical yield of glycerin ma^bo obtained from a determumtioi 
of the percentage of neutral fat. The iftsutral fat jjor rather the add fat) ma: 
be. conveniently estimated ^ y titrffting, with a standard alcoholic solution o 
aijcali in pres*fjiee*of ptienolphthalein, a known weight of the law matenaJ 
dissolved in a miktuy© of alcohol md light p^roleum. From the quantity c 
used, the f» 4 .ty » -ids are calculated, and the neutW fat taken D 
4 iflfereB«e. By, means of the table given above, the glycerin cowesponto 
^ percentage of neutral fat present may be found. When the pres^ 
WVponifiable matter jn the fat is suspected, other means must t 
adopted the determination of* the i^utral fat ; for a ^description < 
tlieS 6 | We would refer to analytical works .on the subject. 
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three methods may be tised for obtaining fatty acids from neuteaVf^: 

I. By saponifickion with lime or other base. ^ ' 

II, By decomposition with water alone, o < 

III. By decomposition with sulphuric acid, generally followed^Jby <fi«h 
tillation. ’ « 

I. Saponification wit^ Lime^ 

( 

Two different processes of saponification ai’e or have been used. i> 

A. At the Ordinary Pressure . — ^This is' the process introduced Jjy MM, » 
ie Milly and Motard, and form/^rly extensively used in mtfst countnep ; it is 
now employed to a veiy limited extent only, if at all/ The vessel used, Fi^. 14, 
3on8ists of a large wooden vat A, generally lined with lead, aijd capable 
nf saponifying from one to i ve tons of fat. It is provided 'with a steam pipe, 


Fig. 14. 



Apparatus for Limo Saponification (section and plan), 


which reaches to the bottom of the vat, and terminates in a perforated coil. 

A strong shaft B, carrying four arms C, is supported in the centre of the 
vai> 5 *and set in motion, generally by steam pow^r. Formerly, the necessary^ 
mimng was done^by hand, by means of strong wooden staves. The fat — 
tallow, for instance — is introducedVith about its own weight of water, and J 
the steam turned on. A‘ quantity^of 'lime corresponding to from 14 to 15 
per cent, of the fat, is then made intc^*a milk ” with water, and added to 
the melted tallow. The quantity o£ lime, theoretically required for the 
saponification (assuming the tallqw to 1^ composed ot equal parts of 
tri-stearin and tri-olein) is only 9^7 per cent. ; but although a sm^lw 
quantity thau 14 per cent might be used^ it is necessary to have a Consider* 
able quantity in excess of the theoretical amount, it order to allow for the 
impurities which the lime always, contain^ and to ensure cbmpfete saponifica* 
tion. The milkpf lime having been add^, the saponifi&tion commen^ 
once, and is facilitated by the mixing. The passing of the steam is ctntiimed 
throughout .the operation, which is generally complete after about 
hours, when the Erne soap appears as *a haiu white mass. After havuj^ 
been aUowdtt to cool, the dark-coloured glyoefin water (or ‘‘sweet watejf, 
aa is technically called in this^jountry) is run off, by means of a stopoqj^t^ 
imserted at the bottom of the vat, and the lim^ soap, when It hae been , 






ay fof diwoipappwi^^ Wheal, 7^^^ 

graiTii £sss.“ 

K L acid of about *1 .JO sp. gr, the quantity r^uir*d being oonMdeMHy 
aeator than khat theoretically neoeaaary for the ^ , ,. . 

the ^*ti(» of the acid, the agitator » aet m moti^ 

Inf&ed nn, and the heatmg owitmned until the soap “ 
powd. ^he liberated fatty adds rise to the surf^, whilst the ^ 

h^is w*cipitated. The former are transferred to a 1^-lmed ^ 
^y Le washed, first fith acidified water, and then seve^ times 
with mre water, in order to remove the last traces of sulphuric aad. They 
are then ready for crystalliBation 
and pri&sing, for further 
treatmSnt by the processes to be 
described. 

This idethod^iS attend^ by 
several disadvantages, principally 
’due to the largfe quadlity of lime 
^’equired for the saponification. 

Ti^e “sweet water” cannot be 
completely removed, the broa ?ing 
up of the lime soap is trouble- 
soiie, and the cost of the acid 
necessary for its decomposition is 
considerable. Besides, the large 
mass of insoluble sulphate of 
lime formed retains some of the 
fatty acids, which can never be 
completely recovered. 

B. At a Hitjih Prmurey with^ 
a small quantity of Lime. — The 
early stearine manufacturers, 
realising the disadvantages of 
their lime saponification process, 
made many attempts to improve 
it, especially in the direction of 
reducing the quantity of lime 
required. As early as 1 834, 

MM. de Milly and Mocarc^ eu- 
'•tteavoured to effect the decompo- 
of fats in (fr> autoclave, but 
*lt was not until 1855 thrft M. de 
Millv, by the addilhm of a . 

tain reduced percentage of lime, succeeded in carrying out the process indus- 
trially * Thw pfo^s, with but few iqpdificatione of importance, » how 

perhaps more extensively tmployed tha^j any other. _ ^ 

The WBSscl used, Pig. 1 5- canetructed on the phnoiple of Papin s dmea^ 
It is made of coifper, wcyliudrioal in form, dome-shaped at both ends, ana 
4 ewBciently larse tif decompose from*one to three tonstif fat m one opw ^i 
^ *lle tKicIrnpas of Ufe mptal depends on the diameter of.the vesssili »ua 
■ ' Ce*prea«ire towMch it is to be silbjected, but it geaerally ra^f^ 
; about ito i iftdi. The vessel rests upon a substantial support, aa^i 
r) •Bfltod. throughout nearly its entire length, within a bnokwork tmmtm 
' ynib the object of preventing loss of. heat, and allowing easy Recess for 
y.'tiWOjaWMy repairs. * . * 

• Eng. Patent., No.' S740y i^S^. 



M. de Lilly’s Autoclare. 


Fig. i6. 


water mi about 2 per cent, of lime (on the fat) ; bat the 
^ ‘Thflnel^ fat,froii which the saepended 

weighed o«t, made into a ffJ’^^^^;Pdave. Thefltopci^^ . 

having been closed, high pressure steam is 
passed in through the pipe B, which extends 
to within Vn inch 6r two of the bottom of 
the vessel. The pressure gradualljT rises, 
and is maintained at about eight atm^ r, 
spheres (atmosphere exoTmded), correspoim- 
ing to a tempei^ature of 175° v 34 ^ * ') 

until the decomposition is coi^idei*fed to 
be practically complete. . The heating is 
continued for from four to ' five hours, 
sometimes for eight hour^, but even the 
longer period does not complete the de- 
composition, a few per cent, of neutraUat 
remaining undecomposed. The steam is 
generally allowed to escape, to some ex- 
tent, in order to promote the mixing of 
the materials. The pressure is indiwited 
by the gauge B, and is prevented from 
exceeding the limits of safety by the valve 
A. The lime combines with part of the 
fatty acids to form a lime soap, but the 
bulk of the fatty acids is in the free state, 
the glycerin remaining dissolved m the 

water. , , 

* When the decomposition has been 
completed as far as possible, the steam is 
turnhd off, the temperature allowed to 
fall a little, the two-way cock 0, opened, 
and the ‘‘sweet water" blown into a re- 
ceiving tank. When the “ sweet water 
has been removed, the stopcock is again 
turned, and the mixture of fatty acids 
„ and lime soap is blown into an iron ve^ 

lined with lead. . 1 j -xu 

'"Some autoclaves are provided with 
one pip^only, fitted with a T-piece, which 
serves for the discharge of the mixtuW 
, as well as for the introduction of the 
- rteam. In some cases the 
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Ifany different ^bocfHes ha/ve been advanced in crdeir to explain the pro* 
ceM eaponification with an insnffioiency o! lime) «ts ^u^t described* Scnoe 
aix^orities sap^i^ that the decomposition of the fat takes place in several 
titige^ A basic soap being at first formed, which is decompose by the water 
into am apid soap ; the free lime, liberated for the mi>ment, being then 
capable of acting on another quantity of neutral fat, <fec. It seems more 
probablb, however, that the decomposition of th6 fat is eifected by the water 
alone^ and that the prJbeiffce ot the lime merely facilitates the operation, by 
reducing the affinity of the fatty ^cicla for the glycerin. 

In this process of saponification, other bases are soipetimes substituted 
for the lime. Hydrate of magnesia and (Hcide of zinc may be used with 
success. They are both more costly than lime, but, as weaker bases, they do 
not *darl^n the fat to the ^same extent as limg, and they possess the great 
advantage of yielding ‘^soaps’’ which are readily det^om posed by add, with 
, formation bf soluble ^alts ; at the same time the loss of fatty acids is redtcced. 


Fig. 17. 



L. DroTues Horizontal Autoclave with M^jhanic^^ Agitator. * 

Such substances as carbonate of magnesia, chalk, talc, &c., which are 
.^tended to act merely as “ mechanical agents for opening up the molecules 
the fat, and breaking through the albumjnous film surrounding the samb,” 
been patented by A. Marix,^ as substitutes for lime and other h^es. 
Various modifications of M. de Milica autoclaVe have been from time to 
time proposed, the most impoit^t being those which provide for the mixing 
of the contents pf the vessel by mechanical means, some manufacturers 
believing that more perfect <h3compo8itioB of the fat is thereby obtained. 

Fig, 16 shows an autoclave constructed on this principle by P. Mor&ne. 

In the centre of Jhe vessel 1 c^flinder of copper is^xed, which is omn below 
«nd closed abessre, wiSh’'the exception of numerous perforations. Within the 
cylinder a stiiror &piade to revolvdj and, while doin^ so, an upward move* 
■neat is communicsti/ed the contents of the autoclaye, which conveys them 
through ^the perforations of the cylincler. They are thus distributed, in the 
tospok of a spray* upon the sides of the autoclave, and flowing down, areagmu 
^ewnreyed through the cylinder as before. In this way a constai^t agitation 
of the whole contents is maintained.* * i 

Ii« Bi’oux has devised a ^utdblave, Fig. i7i with an anuDga- 

• » Eng. Patent, No. 2349, 1883 
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menfc for mechf^ical mixmg, whick iscin use in certain f^otdxiea. It ponifet® 
of a cylindrical copper vessel, dome-shaped at both ends, like'De Milly’s.^ The 
** charge,” composed of fat, water, and lime, is introduc^ed through the pipe A* 
Steam is then passed in from the boiler B, entering the autoclave on its 
lower side by the pipes C and and the stopcock at D is.opened to allow 
the air to escape. The agitator, which consists of a«^stf'ong copper shaft 
running from end to end of the vessel, and provided with eight paddle^, is then 
set in motion by the pulley E, and made to revolve at the rate of about thirty 
revolutions per minute, the agitation being continued to the end of the op<wra- 
tion ; the pressure is regulated by the indications o 2 the gauge E, and by 
the safety-valve G. When the saponification is supposed to be cop?plete, 
the steam is turned off, the agitation stopped, and the contents blown out 
by the pipe H, into a suitable receiving vessel, where they^ire separated, and 
the soap decomposed. 

L. Droux has devised also a spherical autoclave ; the mixing of the- con- 
tents is provided for by an agitator constructed on. the prii)ciple of the one 
just described. ‘ . 


II. Decomposition by means of Water alone. 


That decompostfcion of a*neutral fat by water alone is possible chemically, 
is shown by the following e(j[uation, which represents the reaction with tri- 
steamn : 


C3H,(C.,H„0.).-+ 3H,0 - C3H,(0H), + 3GAP,. 

TriBtearlu + Water Glycerin + Stearic acid. 

Analogous reactions take place with tripalraitin and triolein. 

The decomposition of the fat with water may be efiected in two ways : 


A. Heating under Pressure. 

Tilghman, in Amerk^a, was the first fo discover, in 1854, that water 
under pressure is capable of disrociating neutral fats. Later in the same 
year, fhe fact was made known by Berthulot, in France, and by Melsens, in 
Belgium. Berthelot confined his attention to the s^cientific side of the 
discovery, whilst T\Jghman endeavoured to apply it inaustrially. 

Tilghman ' 8 Appa/ratus^^ Fig. 18, consists of a digester A, in which the 
fat, with about half it^ weiglit of water, is kept in an emulsified condition 
by the action of the perforated piston B. The pump 0 forces the emulsion 
of*ftit and water through the coils of iron pipe P, which are enclosed within 
the chamber E, the latter being heated by the fire F, to the ‘‘ melting point 
of lead,” 334° 0 . (633*’ F.). The heating of a given quantity of the mixtufe 
is continued for about ten* minutes,, a valve atG preventing the escape of the 
contents. The pump is then set in, motion, the valve opened, and the 
contents, as they tiow out, are cooled by passing througli tl\p worm G, and led 
through the pipe II to a suitable receiving vessel, where the fatty acids are 
separated from the sweet water.” Another quantity of fat and water is 
then subjected to the samt, treatment. This ‘form of apparatus, on account 
of its many obvious defects, and the enormous pressure at ^which it was 
worked, was soon abandoned. . 

Melsens' ApparaUis^ consists of a horizontal boiler-shaped vesse^of ifon, 
lined with lead, which is heated in a carefully regulated furnace. The 
mixture 6f fat and water is raised to a temperature of from i7o°-205“ 0. 
(34 o“-4oo'**F.), special means being employed to maintain the intimate 
t contact of the two substances. The addition tp the water of a quantity? pf 
♦ Eng. Patent, No. 47, 1854. * t Eug. Pa^^nt, No. 2666, 1854.9 
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«alpln^ acid, o6rT^Kponding wifch i to lo per cent, of the fat, facilitates the 
decomposition. • This apparatus, although of more practical construction 
than Til^man^s, and, capable of yielding fatty acids of better colour,* was 
al^o abandoned, on account of the rapid destruction of«the lead lining. 

Wright and.Fouch^,* Renner,t De Roubaix, in 1866, and L. Droux, in 
the same year, •also brought forward special forms of apparatus; but 
this process of aqueous decomposition has not hitherto met with much 
fa-vour among stearine manufacturers, principally on account of the 
gti;ucttiml defects of the apparatus, and the- consequent danger attending 
the use of the vesselj^ at* thefliigli pressure to which they are necessarily 
subjeqlied. ^ 

Lately, howeyer, with -the advance of mechanical science, these defects 
have to fl great ^tent been remedied. Two forms of apparatus, those of 
L. Hu^es and A. Michel, arc now used in certain factories, and deserve 
notidj. 

Fia. 18. 



Tilghman’s Apparatus for the Decomposition of Fats by Water. * 

L. llugvsti' ApparaiiisX shown in Fig. 19: the figure represents afso 
^he mode in which Hic superfluous sie^am^is ntilised for tiie concentration 
“sweet watei'!” The autoclave A, made of very thick copper, is 
cylindrical in form, and bf the same ^emjral consfruction ns M. de Milly's. 

It is Ruflicicntly huge to decompose oUout one ton of fat in each operation, 
The fat and water having been introduced, high pressure steam is passed in 
through the pipe*D, which d'^^.oends to bottom of the vessel, and is sur- 
1‘ounded by a tube through which the <jontents are carried upwards, and 
their circftihith u thus assisted. • * 

The steam ^is * supjJhcd trom an independent boiler, and the pressure 
wdthin the ariocl^ve 'is autoinatidWly regulated, and kept at about 14 
^mqgpheres for si3i*or m ^ en hoursf Agitation of. the contents of the 
autoclave# is promoted also by allowing the steam to circulate quietly, 
through the app 8 ,ratu 3 during the decjpmposition. 

•, The steam leaves the autoclave by the pipe E, and is coq^ensed by 

passipg throiT^h a worm withifi the condenser B, the water forpied running 1 

• • 

• Eng. Pftteut, Ko. 894, 1857. • t Eng. Patent, No. 1014, 1B66. 

t Eng. Puteftt, A‘o, 6562, 1885 *, Fig. ^ of the siKJcilieatiou, t • 




L. Hugue^’ Apparatus for the t)ecom5)Osition of Fats by Water, 


J, MicheVs Apparatus^* Fig. 20, consists of two aut6clavos, capaV)le of 
3composing 2 J tons of fat, and heated by fire-heat alone. 

A mixture of about ^vo parts of fat an^ one part of wat^r if) supplied 
> the two autoclaves B, by the monte- jhs A, or by seme similar ineane 
irough the pipe e. Heat is then applied, and as the pressure within the 
itoclaves rises^ the mixture of fat and water is forced through the pipes 
f (which extend to the lower part of the autoclaves), to the vessel C.' Tfe 
smpeiuture of this vessel being lower than that of the autoclaves, the 
lixture becomes colder, descends hf the pipes, g\ and is again carried 
pwards, &o that a constant circulation of the^ontents of the two autoclaves 
maintained. The pressure ‘is raised to from 15 to 16 atmospheres, and 

I * Eog. Patent, Ka 8403, 18^. 
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kept at that point for.alwut eight Imiu®, when the mbfture is dischafged 
into the dosed .vedsel D, tiirough the pipe h ; after sta&ding for about 
half an^hphr to cause the fatty acids to separate from the “ sweet wa^r,’* 
the latter is drawn off, by opening the stopcock », and received in a suitable 
vessel. The fatty acids pass direct by the pipe y, to H still for distillation, 
or they may be Vidihed, &c. 

• The principal advantage of the process of decomposition by Water, under 
pressuri, is economy, as the acid, as well as the base required in the process 
of lime ^aponification, is unnecessary. It is also claimed that the products 
arb of better quality thtin^thosj obtained by linid saponification. 



A. Michel’s Apparatus for the«I)e»omposition of Fats bv Water. 


E. By Superhejated 8tenm, at the ordinary Atmospheric Pressure. 

Ill 1841, M. Dubl in) faut took out a patent* for a process, by which fats, 
when heated to their boiling points, in a current#of steam, could be mode to 
yield all the fatt^ acids jwhich they were capable of producing. He pointed 
out also that*hv aid of steam# the distillation could be cai’ried on at a 
lower temperature than without it. , 

In ^54, G. P. Wilson and G. Payne patented a proc^essf for effecting the , 
decomposition t)f neutral fats, and the distillation of the resulting glycerin 
* and fatty acids, in one operation by^means of superheated steam, and wei‘e 
successful in carrying out the process industrially. • 

• Under the name of’Wm. Newton. F.ng. I'atent, No, 8834, 1841. 
t Jbing, Patent, No. 1624, 1854. 


56 <J SAt»ONlFICATI<m Of FATS BY SUIPHUEIO* ACID. • 

'rhe fat is hfa’&d in a still like tlj^ose used for. the distillation of fatty 
acids. The temperature suitable for the decomposition ianges^ beWeen 
288Vnd 315® C. (550° and 600“ F.); if it be lower than 2^8“ C. (550! F.), the 
decomposition of the f&t and the distillation of the products progress very 
slowly ; on the other hand, if it be higher than 315” 0 . (6oo°^F.), acrolein is 
produced as a decomposition product, and the fatty acids are darkened in 
colour. Thd success of the process depends on the care with wh^*h the 
temperature is regulated. The glycerin and fatty acids distil over together, 
and can be afterwards readilpr separated. r • ^ 

This pr ocess is now only of historical interest. , c 

f 

III. Decomposition by means of Sulphuric. Acid. 

' . C . . ‘ 

The action of sulphuric acid on neutral fats has been investigated by 

many observers. As early as 1777, Achard worked on the subject, rfind 
noticed that tlie character of fats treated in this way was • modified. Bra- 
connot also studied the action of sulphuric and nitric aci'ds, Igit it was 
resei*ved for Ohevreul to show, in 1824, that fats on trealsnent \vth sulphuric 
acid, are decomposed into fatty acids and glycerin. Tlie subject was still ^ 
more fully investigated by Fpm}^ in 1836, who found that fatty oils, when 
mixed with an equtft w^eigbt of sulphuric 4icid at a low temperature, became 
harder ; and from the results of his experiments he concluded that sulphuric 
acid, fa decomposing fats, forms sulphonated compounds with the acids (ff 
the fat and with the gljijeriri, and tliat these compounds are decomposed by 
water, more readily on boiling, into fatty acids, glycerin, and sulphuric acid. 

The first attempt to employ this process iildustrially appears to have been 
made in 1840, by George G Wynne,* distillation in a vacuum being proposed 
for the purification of the fatty acids. The method, however, was not carried 
out commercially. 

In the same year, George D. Clark f patented a process for acidifying fats 
without distillation, but t|je moans employcd^-for the purification of the fjitty 
acids were defective. In both of fhese processes, the acid was applied to the 
fat at a' low temperature. The process was not industrially successful until 
1S42, when W. C- Jones and G. F. Wilson m.ade known their method t 
the distillation of fatty acids in a current of superheated steam. By 
combining the processes of acidification and distillation they were able to 
obtain fatty acids of good colour from even the darkest fats and oils. Their 
process consisted in Imiiug tlie fat with 33 per cent, of sulphuric acid, and 
then, boiling tbe fatty aoids with water. The quantity of acid was subse- 
quently reduced to 10, then to 6, and finally tb from 3 to 4 per cent, by 
ap^ying it at a tefnperature of C. (350'' F.). • ^ . 

General Process. — The process h^erc®‘desci’ibed wfts formerly extensively 
applied to all kinds of dark neutral fal^s. It is now, however, confined to 
such raw fats os are capable of yielding only a small quantity of glycerin, 
and, as a process of purification, to fatty acids obtained by lime saponifica- 
tion, or aqueous decomposition. 

The fat, after standing of or some time in <the molten state, to aKow the 
suspended impurities to subside, is heated in a vessel, by mdkns of a closed 
steam worm, in order to remove the watee*, the temperature of the fat being 
then raised to the desired point. In most factories the te Aperature employed < 
ranges from 115* tq 121“ C. (240" to ^50^ F.), but in others it is^as high 
as 166“ C. (330“ F.). The heated fat is then transferred to the “ acidifier,’* 
in whicdi the first stage of the operatioli is conducted. This is usually a .1 

i • 

• ISnjjf. Patent, No, 8423. < t E»g. Patent, No. 8686. 

1 finer. Patent. No. ocd2. 
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%oiI)0rH3baped vesse^ provided with % mechanical agitator^ and is steam- 
jaokatdd. ^ In those factories where a comparatively low temperature is em- 
ployed, .the vessel i^ ^generally constructed of iron, lined with lead ; whdhe a 
high temperature is used, the vessel and its connections are made of copper, 
«nd the fatty .ipatter heated by a coil, through which superheated steam 
circulates. Theafc vessels vary in size, having a capacity of from one to six 
tons of* fat. • 

, Sulfuric acid, of from 1.82 to 1.84 sp. gr., is added to the hot fat. The 
quantity of acid employed varies from 3 to abouj 6 per cent., according to 
the qu^ity of the fatii ai^d lIk temperature at which it is applied ; it is 
allowed to act generally for from two to five or six hours, the agitation being 
continued. The first efiect of thd addition of the acid is the production of a 
large qimntity of'^ulphurous acid, which, wiyi other volatile decomposition 
produces, is led from tlie vessel through a pipe where it meets a current of 
water for its absorption, the iinabsorbed vapours being afterwards consumed 
in a furnace, or made to pass to a chimney. Th^fat meanwhile becomes dark 
in colour, with formation of a qnantit3M)f black, tarry matter, which remains 
'su.spended in ihe fat^ acids. When a high temperature is employed, this 
^solid appears more compa<d., and settles readily. 

^ The neutral fatty matt('v— palm oil, for exiimple — i% converted into a 
iinxture of sulpho-palmitic, s iI])Iio-(fleic, and sulpho-glyceric acids ; the efiect 
is the same when the process is 'ij>plied to sa])onified fatty acids, but, the 
ndntral fatty matter present in these is small, little sulpho-glyceric acid is 
formed. ^ 

.After standing at rest for an hour (fr two, to allow the tarry matter to 
settle, the mixture is transferred to another cessel, in which the second 
stage of the o}>er,ation is carried out. The ‘‘ acid bottoms,’' remaining in the 
acidifier,” are afterwards raked out, and the tatty acids retained by them 
.jdlowed to drain away, and added to tho bulk. The second stage of the 
2)rocess consists in the decomposition of the sulphonated compounds, by 
boiling with acidified water ; the vessel in which tlie operation is conducted 
consists of a large, covered, wooden vat, Imed with lead, and provided with 
a coil for supplying open steam. It contains a quantity of water to which 
some sulphuric ncid has been addo^J; this is raised to its boiling point, and 
the acidified materiju run in, and boiled with the water for from two to 
four hours. The boiling not only decomposes the sulphonated compounds, 
but cleanses the mateiiaL from some of tlio tar^y matter which often p^ses 
over from the “ acidifier,” and removes the sulphuric acid present ; after 
settling, tho water is rui ofij and the fatty acids aVe boiled a second time 
^witU water and a little acTd, as before. The w’^ater is tjien removed, iwad 
they are ready fen* distillation. • 

• The objection to tlfis process, as a method ;for the decomposition of 
neutral fats, is, that the loss of gjyceiln i?; very considerable, and the glycerin 
obtained is of inferio’ quality ; it, is fol* these reasons that the process is now 
seldom used wh§re the recovery of tlie glycerin is of importance. Tho 
loss of fatty acids, whether the process be applied to raw fats or to fatty 
^•ids, is filso considerable, geno^'ally amtbinting to^’rom 3 to 6 per cent., but 
it varies with th^i nature* of ihe fatty matter and the conditions of the 
operation. The p^’oeegs, however, possesses certain aebrantages, which, in the 
, opinion of some m^^nufacturers, more than compensate for the objections 
%iamed, leading thdbi to a ] !y it extessively to fatty acids. 

I. Ati incrcftsed yield of solid fatty acids is obtained, generally con- 
sidered to be due to the formation of a certain quantity of elaidio acid. 
*The yield of steariue obtained from tallow of good quality by Kme sapon- 
ification, or ]y aqueous degom position, amounts to about 45 per cent.; 
but by^the same processes, followed by Edification and distillation, the yield 
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is raised to about Ptom 54 to 58 per cent, j the product, however, from tho 
combined processes, has a somewhat lower setting point. ‘ , • 

2^ DarJk-coloured fats, like palm oil, and dark greases geneifell;^, may 
be employed; when the acidification process is appUed'to the fatty adds 
and followed by distill&tion, a product of better colour is obtained th^ that 
from distilled fatty acids, which have 7 iot been acidified. 

3. The stearine obtained by acidification and distillation (if the former 
process has been properly carried out) is more stable; so that, after •having 
been kept for a year or two, it does not become yellow in colour, greasy ^to- 
the touch, and salvy ” in ‘smell, ns the pro^luct fro^ lime saponifecatidn 
and aqueous decomposition often does, unless ^t be of a comparatively high 
setting point. • • 

Be MUbJa PrdceM . — In 18^67, M. de Milly suggestefl a modffication 
of the ordinary process of decomposition with sulphuric acid, with the 
object of dispensing with the distillation of at least the bulk of the fatty 
acids. * ' ^ * 

The fat, heated to 120“ C.*(248'^ F.), is run through a wide pipe, where- 
it meets with a stream of concentrated sulphuric acid, corrospoitding to about 
6 per cent, on the fat, the contact of the acid with the fat being maintained . 
for about two minutes, by tllowiiig the mixture to flow through a gutter 
it then falls into a vessel charged witlf boiling water, and is there sub- 
jecte(j^to prolonged boiling, which dissolves the glycerin with separation 
of the fatty acids. The acid water (containing the glycerin) is then 
removed, and the fatty acids purified. They are strongly coloured, but 
after cold, followed by hot, pressing, ^:he colouring matter, being soluble in 
the oleic acid, is extracted, and the stearine is left quite white if the operar 
tion has been conducted with the necessary care. The oleic acid is then 
distilled, and the small quantity of solid acids which it contains recovered. 

The great difiiculty attending this process is to obtain the complete 
removal, by pressing, of any insoluble colouring matter which may have 
been formed by the acticfn of the acid. But the principal objection to the 
proces;^ is due to the fact, that thfe short time during which the acid remains 
in contact with the fat does not allow of the formation of the large quantity 
of solid fatty acids which results from tlin prolonged trq,atment with acid in 
the ordinary process. For these reasons, the process is now no longer 
in use. 

JhcJcs Froce 88 *-<I)Y. !fiock, of Copenhagen, introduced some years 
age, a process, somewhat similar to that of M. de Milly, but yielding, it is 
claimed, a larger percentage of solid fatty acids, end of higher setting pointy ^ 
th^n “ any known* process.” 

According to Dr. Bock, neutral fatty compounds cons&t of exceedingly^' 
small globules of fat contained ii^ mrempranous envelopes, and before the fat 
can be decomposed by any process, these erivelopos must be opened up, or 
destroyed, so that the fat may be set free. These envelopes, in animal fats,, 
are composed of cellular tissues, gekitin and albumin ; in vegetable fats, of 
vegetable albumin tlnd cellulose. When an alkali, as in the case of lime 
saponification, acts on a fat, the albuminous *or proteid substances are dis- 
solved, and the lime is then able to combine with the fatter acifis, and liberate 
the glycerin. In the process of aqueousMecomposition, the high temperature 
to wnich the fatty matter is exposed, Opens up the enWopes, setting frees* 
the fat. When fats are acted on by concentrated sulphuric acid, the 
envelopes are charred, and the fat liberated for decomposition by the acid 
water, , ' ^ 

* See Dinglert “ Polytficlinitiohes JoT»rnal,” 1873, voL «poviii. p. 330; also “ Soap, Garfdleif 
Lubricants, and Glycerin/* Lant Carpenter, 1865, p. 263. 
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It will be observed that Dr. Bockis theory of the action pf solphuric acid 
on fats, is^quite •opposed to the conclusion to which IVemy was led by his 
investi^tions ; the.fprmer considering that the action is merely mechaaical, 
whilst, in the opinion of the latter, it is purely chemi^. All that is there- 
fore required tg effect what Br. Bock calls “ rational saponification,” is to 
treat the fat with a quantity of sulphuric acid so adjusted that only the 
envelojjss are attacked, ind the fat allowed to escape in a condition in which 
it*can be ‘decomposed. The actual decomposition is effected by boiling the 
liberated fat, for several hours, with the necessary quantity of water, con- 
taining the theoretically requj^d proportion (4 lo 4 J per cent, on the fat) 
of sulphuric acid. After allowing the mixture to settle, the acid water is 
removed, and the glycerin recovered. The fatty acids are black from the 
charre(i^ albumiii^us Cells floating about in^them, and may be purified by 
distillation. • 

The iujportant feature of this process is, however, the removal of the 
colouring mattei' witlhoiij, distillntion. In ordeif to cause the chained cells to 
separate, the mas.s is o:ridised by the actipn of some oxidising agent, 
whereby the specific? giuvity of the cells is raised from 0.9 to 1.3. After 
• allowing the cells to settle, the fatty acids are removed, washed several 
times with watei*, and pressed cold, then hot. ®Tho ste^rine removed with 
the dark oil may be recover* d by distillation and picssing. 

This process has the aav.iiitage of simplicity, and as the operation may 
l?e completed in one, or at most two, vessels, no elaborate pl^nt is 
required. ^ 

!RIany endeavours have been made to discover some chemical agent 
which, while possessing tho advantages of sulphuric acid, might be free 
from its drawbacks, but so far they have not met with success. 

Chloride of zinc, which in its action resembles sulphuric acid in certain 
respects, has been proposed. According to L. Krafft and Tessin du Motay, 
the fat is heated for some time aj a temperature of from 150® to 200* C. 
(300'' to 390” F.), with from 8 to 12 per cent, of *the anhydrous salt. The 
iiiixturo is then washed with hot water, or with water containing little 
hydrochloric acid, and distilled. The product is said to possess all the 
properties of distil 4 (^d fatty acids Obtained by decomposition with sulphuric 
acid. The chloride of zinc may be recovered from the Vash-waters. 

THE DISTIIiliATION OP I^TTY. ACIDS. 

Some of the eai-ly autympts which wore made to distil fatty acids (fa an 
industrial scale have been already incidentally referred tu. • 

» Tho process* of W. C. Jones and G.*l!\ Wilson,* according to which the 
fatty acids obtained by the decomjosjjiion of the fat with sulphuric acid 
were distilled in a current oft superheated steam, was the only one which 
met with success, and is now, with, in some cases, certain modifications, the 
recognised metliod of obtaining distilled fatty acids. 

The principal object of tho distill|tion is to improve the colour of the 
fatty iscids. Accordingly, ti*e process is universally applied to the fatty 
acids obtained fty lime sapoiiiiication or by aqueous decomposition, followed 
by acidification (Tirdess Bock’s proeess is used) ; some further treatment being 
, necessary for the*ftmoval of the dark colour. Fatty aci^ which have not 
been acidified are al^ occasionally distilled. ^ 

Many different forms of stills and condensers have been suggested, each 
inventor claiming for his apparatus some special feature of advantage. 
T^^e stills themselves are generally, spherical or slightly elliptfcal in form,^ 
• • 

• £ng. Patent* No. 9542, 1843. 
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and have a distilling (sapaoity of from o^e to six tons of fatty adds. , Some of 
the condensers are constructed so that the products may be fractiqnated ; in 
the case of otherst the whole products are collected in ^the same vesi^h ^d 
form one uniform distillate. 

Fig. 2 1 represents a form of still, provided with upright condensers, which 
can be utilised for fractional distillation or othei*wise. ® 

It consists of a copper vessel B, enclosed within brickwork, so arranged 
that the bottom of the still may be heated by fire, if desired. The fatty 
acids to be distilled are introduced, and their temperature raised to neaijy 
the point of distillation by means of the fire, a^d by st«am. Direct exposure 
of the still to fire heat is sometimes entirely dispensed with, in order to^avoid 
overheating of the contents. Steam from a boiler, not shown in the sketch, is 
passed thiough th€f pipe V, anjJ i.s raised to a temperatuil^ of over**26o“ 0 . 



* ^ Apparatus for the Distillation of Acids. ^ 

(500" F.) by being made to circulate ‘through several coils of *j>on pipe, heatecW 
by tihe furnace A. The superheated sttVim enteis the still thiough a. pipe, 
which terminates in a coil at the boCbo^i of the vessel, and is perforated, so 
that the steam may be uniformly distributed through the fatty acids, and 
the regularity of their distillation maintained. When the temperature of 
the fatty acids has been raised to tfi^ desired point by the steam and the 
fire, the latter is allowed t® die out, and the distillation carried on‘ by the 
superheated steam alone. The temperature of the fatty adid vapour, as it 
leaves the still, varies, but 271° 0. (520^* F.) may be menti6necf as a suitable 
temperature for ojitaining a rapid distillaiion, and a distiK^te of good colour. ^ 
The steam and fatty ^id vapour leave the still by the alembic F, ^nd Jire 
condensed, as they pass through the upright pipes C. These 'pipes are made 
of copper, and may be jacketed, a current of cold water from 0, which c 
circulates roVind them, causing the condpnsatioA of the vapours. The fl^w 
* of water must*’ be regulated so that, as it leaves the condensers at S, its 
temperature is sufficiently high to prevent the fatty ^cids from solidifying. 
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In some cases the coBdensation of tha bulk of fatfy acids is effected hj air 
oooling^on};^; the number of pipes then requues to be increased, the last one 
or two being jacketed^ and cooled by water, for the condensation of the Aiore 
volatile portions of the distillate. The mixture of fatty acids and part of the 
water collects ip the bends of the condensing pipes 0, and is received in 
the vessels D. • 

* At ^jj^e beginning an^ towards the end of the distillation, the fatty acids 
arft somewhat dark in colour ; these fractions are put askL for redistillation. 
Itps impossible < o effect tiie distillation of the w]iole of the contents of the 
still, some neutral fat, R^suitirigffrom the incomplete saponification of the raw 
fat, Training behind, together with a quantity of tarry matter, as a decom- 
position product. When the stilf has cooled down somewhat, this residue is 
blown oflft througfca pipe, reaching to the bottom of the vessel, to another still, 
made of cast irqn, in which, by distillation at a higher tempemtnre, a further 
instfldment of fatty acids is obtained. The residue in the still, after cooling, 
appears generally* as a bwght, black, brittle mass, known as “ stearine pitch 



Apparatus for the Distillation of Fatty Acids. 

employed for the making of carriage varnish {fhd for, other purposes. # The 
residue from the distillation of tlio bulk of the fatty acids, instead of b^ng 
distilled to pitch, may be tufated with sulphuric acid, the glycerin recove’ibd, 
* and the fatty acids ^fistilled ; or it may be re-saponified. • ^ i 

Tn order to e*cbnomise fuel and labour, fatty acids are sometimes distilled 
continuously — tliat is, tfie fatty acidfcj^ art fed into* the still while the distilla- 
tion is progressing, .nel the re^hlue removed after a quantity of fatty acids, 
corresponding to^eibaps tluee or four charges by the ordinary process, has 
passed through tne still. • ^ j- -n i 

When fatty acids which have not hi^en properly acidified are distilled, a 
quantity of acTcloiii, which i.«*soon recognised b/its effect on the eyes, and 
of liquid un(i gaseous hydrocarbons is formed ; the latter are said to 
result from the Iccom'position of p8-i*t of the fatty adds, if the temperature 
•has been high. J^!bquis d tributos*their formation to the <decom position of 
the tsirry matter, taking place at the*end of the distillation. MM. Cahours 
and Demarc^ay Tiave made an examipation of the liquid products, and have 
•obtained from them a series of solids, alm^^st identical in composition witlj 
the*hydrocarbons present in*Amerioan petroleum. t> 

Fig. 22 shows a simple fbrm of st^ll alid condenser, constructed by 
Morto. 
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steam enters the superheaters at A? and then passes to the still by tjie pipe 
B. The fatty acid vapour and steam are condensed by causing tlmm to pass 
throligh the worm 0, kept comparatively cold by a cui^rent of water circula- 
ting through the outer vessel, and the products collected in the vessel' d. 
The residue from the distillation is blown out through the pipe e. 

A, MicM * has devised a still intended to be used in conjunction with 
his autoclave, already described, but it may be used for the distillation of 
fatty acids obtained in other ways. 

The general constructioil of the vessel and^’ts condenser is much t'^he saftie 
as that cf the apparatus represented by Fig. iz. the still itself, however, is 
more elliptical in form, and thus gives a larger superficial area of evapofation. 
The products are condensed by passing through a cooled j-orm ; att,the end 
of this worm a continuous acti6n pump is connected, which serves to draw 
ofi* the vapours. It is claimed that, in this way, the time required for the 
operation is reduced, and that the temperature of the distillation r is dimin- 
ished considerably, a larger proportion of fatty acids of good colour being 
produced, ^ 

L. Hugue^ Apparatus is composed of two stills, placed side by side, in the 
same furnace, and'so arranged that they may be heated alternately ; whpn 
the first charge is distilling, the temperature of the contents of the second 
still raised hy the waste heat. The alembics from the two stills unite in 
a wide, upright pipe, into which a current of water is injected, which 
causes the instantanedfis condensation of the fatty acid vapour. Economy of 
fuel and rapidity of distillation arS the principal points claimed for this 
form of apparatus. 

JuUen and BlumsJci’s Apparatus t (better known, perhaps, under tho 
name of P, Marix) consists of a horizontal boiler, with two outlets connected 
with separate condensers. Tho steam is made to traverse the material back- 
wards and forwards, tlyough a scries oi ^ipes, the ends of which project 
through the sides of the boiler, %nd are heated in a fuimoce underneath the 
end of the still. The steam raises the fatty acids to its own temperature, 
and is distributed through the material by passing through two perforated 
worms extending tljroughout the whole fength of the sl^ll. The vapours are 
condensed by passing through two cooled worms, and the fatty acids afterwards 
separated from the water. This apparatus is worked at a low temperature, 
and the distillation ismecessirily slow. 

. THE CRYSTALLISATION AND PRESSING OF FATTY « 

ACIDS. ^ 

^ The fatty acids obtained by the various processes described, consist of a 
mixture of the solid acids, palmitic and'stearic, and the liquid acid, oleic. The 
setting point of tho mixture ranges from about 40” to 44° 0 (104” to 1 12° F.), 
accordmg to the class of raw fat employed, the colour of the mixture being 
more or less brown.' In order to ruise the setting point and improve the 
colour, the oleic acid must be removed ; this is accomplished by cold and hot 
pressing. Many of those candles known as “composite^” are made from 
distilled fatty acids direct, without roE&oval of the ole^c acid, but they are 
greasy to the touch, and generally infqfior in their burning. • 

The stearine resulting from the pressing of fatty acids obtained from 
tallow by the processes of lime saponi^cation or aqueous aecomposition is 
commercially fciown as “ saponified,” and comi^ands a higher price than thei 
stearine knawn as “ distilled,” obtained generally from a mixture of palm 

• Patent, No. 8403, 1885. + Eng. Pa^ntf No. 14,700, 1884. 
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^ anj tallow, by pressing the distlllid fatty acids. Before lihey are pressed, 
tbe fatty* acids *are first boiled by means of free steam, in a large wooden 
vat, with water contaihirig a little sulphuric acid. After settling, th 5 acid 
water is run off through a tap at the bottom of the vat, and the fatty 
acids again bdiied, this time with pure water. The water is run off and 
the fatty acids transferred to shallow, tinned-iron pans, in which they are 
allowech to crystallise. These pans are supported in large h on racks, sufficient 
sjftice being left between each pan to allow free access ot air, in order to 
promote the coohug of the fatty acids. • 

The filling of the jSanf? maf be done by hand, but the labour involved in 
this i§ often reduced by ullowing.the fatty acids to flow from a reservoir or 
through a pipe, above each rack, into the pans, which are so made and placed 
that Vinen those at the top of the rack hav» l)een filled t^ie fatty acids over- 
flow them and fill those ‘underneath. The fatty acids are then allowed to 
remain i^ the tips, for crystallisjition, from twt^ve to twenty-four hours, ac- 
cording to the -season. ‘CTOod crystallisation is the most important point to 
bo attende*d to, in ojder to obtain suc'cessful pressing. Each manufacturer 


Fig. 23. 



Hydrafilic Press for th(? Cold Pressing of Fatty^Acids. 

lias his own method of causing the fatty acids to assume that crystalline 
form which allows the oleic acid to be most retdily removed. The object is 
generally attained by mi>ring, after saponification, the fatty acids obt^ed 
sepamtely from different tats. Palm and tallow acids, in the proportion of 
60 per cent. of. thti former to 40 per (;cnt. of the lattef, yield a mixtfire 
► well suited for pressing^ ^ 

The oleic acid might be removed#n ane operation by hot pressing, but a 
considerable quantity of the ao*<lh would be unavoidably extracted at 
the same time.. It is therefore generally considered advisable to press the 
fatty iicids first cold, and thus i emovc the bulk of the oleic acid, and, by 
exposing the pressed cake to hot pressure, complete the removal of the re- 
mainder. • * 

Cold Freaslyg. — Fo’r cold pressing, some manufacturers employ vertical 
presses ; others prefer the horizoiftal form. Fig. 23’represent8 a horizontal 

• press constructed by M « s . , ac. * ^ • 

The^crystajlised cakes of fatty acids are transferred from the tins to 
strong, W(X)llen bags, adjusted to tht size of the cakes, and the bags placed 

* in the press alternately wi^th thin iron plates. When the pr^jss has been 
charged, the sf pcock A, which regulates the supply of water the cylinder, • 
is opened, and the pressure applied,,at rirst gradually, so that it may be 
equally distributed ov«r each part of the cake, and then moresstrpngly, until 
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be oleic acid been removed as far as possible. The valve B serves td 
)revent the pressure from becoming excessive. The oleic acid .flows from 
he plates into a trough underneath the press, andf ^ it runs from there, 
s collected in suitably vessels. The pressure is then relieved and the pres^ 
lakes withdrawn. ^ 

The cold pressing generally removes, in the case of fatJty acids obtained 
)y saponification, about 45 per cent, of the weight of the acids, aboijfc 10 per , 
ent. of oleic acid remaining to be extracted by hot pressing. Fatty acids, 
vhich have been acidified a^d distilled, yield a much smaller quantit}^' 

The solid fatty acids contained in the exj\’essed oil may be recovered by 
iltration or pressing, after exposure of the mixture to an atmosphero^ooled 
)y a freezing machine, the oleic acid obtained being Icca liable to deposit , 
;olid acids in cold •weather, ^me special forms of apparatus htfVe been 
ately devised for causing the cooling of the expressed oil. Fig. 24 represents 
)ne of these, designed by Petit Brothers, which is in use in certain 
■actorics. It consists of a hollow cylinder A; which is'ipade to revolve 
. by mechanical means, and is kept 

Pig. 24. constantly cold* by causing ice-cold 

water to circulate through it from the* 
pipe C. Tlie oleic acid to be treatfjd 
flftws through the pipe gr, into a 
shallow vessel /, which is so placpd 
that the cylinder dips into its con- 
tents, and carries tliem upwards upon 
its sides as it i-evolves. The oleic acid 
is thus cooled, "and the magma of 
solid and liquid acids is removed from 
the cylinder by the scraper A, falling 
into the vessel F, which is jacketed, tiie 
mixture being thereby prevented from 
bSooming warmer. The cold water, 
as it leaves tlio cylinder, passes round 
the v(3ssel F. The mixture of solid 
ai.d liquid acids Jis then separated by 
being passed through a filter-press by 
Apparatus for the Cooling of Oleic Acid, means of the pump P. The finished 
f oleic acid is commercially known as 

“ oleine,” and is used* for the making of soap and for the oiling of wool. 
Tim' solid acids are then removed from the filt^-cloths, and may ho mixed 
with the hulk of the acids obtained by the cold pressing. _ * 

Hot Pressing. — The cakes of fhtty acids obtained from the cold pressing,^ 
stiill contained in the press-bags, arq plNced between^ the heated plates of the 
press, the sides of these plates l)ein^ covered vdth “ hands ” of matting made of 
horse-hair. These cakes, before being hot-pressod, are sometimes melted up, 
and re-crystallised. Horizontal presses are employed, Fig. 2 5 representing their 
general form. Steam from the pipqs A A' is distributed through the series 
of iron pipes 6 6 6, each of which is connected with one of the press-plates 
0 , which are hollow. These pipes are constructed on thb stuffing-box ” 
principle, so that the plates may he readily moved backwards and forwards 
in the charging §.nd discharging of the press ; they are, httiYever, liable to get*,^ 
out of order, and ijidia-rubber tubes 'are frequently substituted £or them.- 
From twenty to thirty cakes of fatty acids may be pressed ib one operatien. 
When the press has been charged, the" steam is passed through the plates^ 
and when* they have become heated, to a tf?mperature of about 60° to 
65“ C. (140 '"'to 150° F.), the pressure is applied by opening the stopcock d, 
and is coutro^ed by the valve e. Tte pressing of a charge, including tho 
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time required for the charging md di^harging of the preseiTsfenewdly takea 
from a hajfrto one hour. ^ 

Sucdbi^ul pressing 57equireB a considerable amount of care ^ reg^s 
the regulation of the pressure and the temperature at which it is applied. 
When the operatjpn has been completed, the pressure is relieved, the bags 
and their contents remov^ from the press, and the cakes of steerine with- 
drawn. • . 

trhe expi’essed mixture of oleic acid and solid acids collects in a shallow 
iron tmy underneath the press. The solid acids are recovered from this 
mixture by cold pressing ;* or iSieir recovery may be effected indii'ectly by 
adding»the mixture to the melted fatty acids, before crystallisation, at the 
beginniim of the^process of pressing, the addition of t^e mixture at the 
same tisne assisting to produce the suitable form of crystal for good pressing. 

The cakes of hot-pressed stearine, as they are discharged from the press, 
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^\re examinetl, and those parts round the sides which, from their colour, stiU 
appear to contain some oleic acid, are JjutiofF and plit aside, to be crystalled 
and re-pressed. The bullv of thft . teairine is then melted up and Iwiled in a 
large open vat with water containing a little sulphuric acid, until it appears 
quite bright. This boiling removes sp^all quantities of oxide of iron, 
resulting from contact of the citearine '^th the press-plates, and other im- 
purities with w’hich it may become contaminated. The acid water is 
separated, the gtd^ine boilSd several times with fresh water, and the water 
run off, when the siearine remains ih a condition ready for being made into 
•handles. •* • • 

THB*OONTEESION OF OLEIC INTO PALMITIC ACID. 

• 

* As the commercial value pf stearine is always considerably higher than 
tbalTof oleic acid or “ oleino,”,it has long bqpn the aim of manufacturers to 
discover some means whereby the less v^uable product might be converted 
into the more valuable ’one., • 
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It has beea known for many years that nitrous acid, when a^ded to 
oleic acid, produces solid eleddic acid. This add, however, has,a tendency 
to Issume his original liquid form, and the reaction ha& never been •success- 
fully employed on a manufacturing scale. 

In 1841, Varrentrapp discovered that oleic acid, when’ heated with a 
large excess of caustic potash, is decomposed, w^th fornfiation of palmitic 
add, acetic acid, and hydrogen, the acids combining with the alkali^ and the 
hydrogen escaping, according to the equation ; ® 

+ 2K®0 = + C,H 3 K 0 , + H,. ^ ' . 

M. Eadisson has succeeded in carrying out t^s reaction industrially, and his 
process is said to be in operation in certain factories.* n 

The operation is conducted in a cylindrical vessel 26, called 

a “cartouche,” th*e bottom of .which is made of cast irod and the’^ides of 
wrought iron. It is placed upon brickwork, and" is heated by a fire, which 


Fio. 26. 
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sliOuld be about five or six feet from the bottojn of the vessel, so that the 
contents may bOoUniformly heated. 

From 15 to 30 cwts. of oleic acid (according to the size of the vessel), 
may be treated in one operation ; tlife charge consisting of i part of oleic 
acid to 1.67 parts of caustic potash ly^’, of 1^40 sp. gr. When the charge has 
been introduced, the agitator B is set in motion, heat is applied, and the 
steam allowed to escape by the man-hole C. When the “ soap ” is dry, the 
man-hole is closed ; the liberated gjgses then leave the apparatus by the pipe 
F, and pass through a tower-condenser to a (gas-holder. 

From 300^’ to 310"’ C. (572° to 590° F.) is the most suitable temperature 
for the reaction, and at 320° C. (6oC° F.), when des^ruclive distillation 
threatens, steaija and water are injected into the mass ‘through the pipes 
and E'. „ ^ ^ 

After from thirty-six to forty hours, including the time required for 
charging, the operation is complete. ' The outlet-pipe at G is then opened, 
and the ^almitate of potassium allowed to fifeil into an open tank, in ^hich 

♦ Seo “Boap, Candles, Lubricants, and cGlycerin,” *ljant Carpenter, p. a66; Jourij. Soc, 
Cbem, lud., vqi. it p. 98. , • 
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it is boiled with water by means of free steam. When allowed to settle, a 
separafionjof the* contents of the tank takes plaoe, the upper layer consisting 
of a solution of palmito^ of potassium, and the lower layer of potash lye. 9 he 
palmitate of potassitim is then decomposed in a separate vessel by sulphuric 
acid, and the pajmitic acid washed with water. It is said to have a setting- 
point of from 52.8® C. (122® to 127® F.), and may be purified by distU- 
lation, ^en it yields a material of good colour, well suited for candles when 
miKed witn ordinary stearin e. 

/Th'e4)otash-lye is causticisod in the cold by agitation with lime, the car- 
bonate of lime reinov#!, and jjhe lye evaporated to the required strength. 
On st^ding, it deposits small quantities of carbonate and sulphate of potash, 
whilst crystds of acetate of potash form upon the vertical parts of the tank. 
The pottsh-Jye is^mployed for the treatment of anothel quantity of oleic 
acid, and the crystals of acetate of potash, separated from the lye by a centri- 
fugal machine, are deciomposed in a special still, ^ith sulphuric acid, and the 
acetic acid recovered and pifiified. The sulphate of potash resulting from 
the decomposition of the palmitate of potassium is most economically regen- 
'erated by the Jjeblanc process. 

, The yield of palmitic acid depends on the nature of the fatty substance 
. fr^in which the oleic acid was derived. Oleic acid from tifilow, saponified by 
lime, is said to yield 91 per cent, of pWmitic acid, fit for candle-making, whilst 
oleic acid which has been distilled yields 87 per cent. * 

* The cost involved in the preparation of white palmitic acid is estimated at 
;^i3 per ton ; but may be reduced to about j£y 108. } 16 r ton if caustic soda 
be substituted for potash. When caustic soda is used, a quantity of parafiin 
requires to be added, in order \o equalise the temperature of the mass of 
difficultly fusiblo oleate of soda. 

PROPERTIES OP STEARINE. 

Industrially prepared stearine is a white, mor#^* orless hard, solid, possess- 
ing a faint characteristic odour, which should be free from all “ salviness.” 
It shoiJd not feel greasy to the touch. It is easily soluble in alcohol, ether, 
and light petroleum, separating from the hot solutions, on cooling, in small 
crystals. * 

The setting point of ^‘saponified” stearine ranges from about 52.2“ to 
55.5® C. (126^^ to 132^ P.), and that of “ distilled ^Vrom about 47.8® to 52. a® 0 . 
{118® to 126® F.). It may be determined by the ipethod described un(Jpr 
“ Raw Materials.” * * 

' To be suitable for candles, stearine, when melted and**allowed to codl 
slowly, should exliiblt a “close-grained”* crystal, otherwise candles made 
^rom it will present an appearance of •“ seeding,” and on being broken will 
not give that chai’acteristic “ snap ” w^ich distinguishes well-made stearine ; 
this result is generally ootoined by mixing stearine from different fats in the 
requisite proportidus for giving a suitable crystal, or by working on a mix- 
ture of fatty acids from different fats ma^e in the properly adjusted propor- 
tions. Stearine should be quit^f ree from salts of kinds, and leave no ash 
on ignition. 
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CANDLE„ MANUFACTURE. 

BY 

L. FIELD AND F. A. i'lBLD. 

The invention of candles may be regarded as contemporafaoous with the 
need of artificial, ^portable means of lighting. We may define a candle as a 
porous, combustible core, ^uiTounded or merely saturated with a fusible, in- 
flammable solid. Accepting this definition, the man who first selected a 
mole than ordinarily resinous brand to serve as a torch to lighten up the 
darkness, was the p|™eval chandler. This is not merely conjecture. For 
at the Colonial and Indian Exhibition of 1886, where the resources and 
appliances of the most aboriginal races wer^ displayed, devices for obtaining 
a continuous light might be seen almost rivalling in simplicity that 
instanced above. Thus, one toiler on the West Coast of Africa burnt oily 
nuts in c^ay saucers ; another, more ingenious, strung these nuts on a twig, 
thus ensuring a continuous illumination. 

Wherever Nature^ had furnished fuel, whether liquid or solid, grease, 
wax, or oil — animal, vegetal, or mineral — the natives had taken advantage 
of it according to their lights, and employed it in some form or other 
for lamps or candles. One drew a wick through the body of a penguin, 
so fat that it exuded sufficient oil to Maintain a light for hours ; another 
had filled a conch- shell with oil, and insei'ted a mass of some fibre for 
wick ; whilst a third showed a rush coated with the hard wax of the Myrica 
cenfera. ^ ' 

Saving the mateml, which was hard and bad to burn, the last-mentioned 
candle d&ers jn no way from the rushlight that a thousand years and 
^lore ago was instanced by Appleius in the “ Golden Ass ” (Metam. iv.),* 
where servants come with “ tardis, lucernis, sehaceis et cereis — pipe 
torches, lamps, tallow and yax tcandles. These*^ candles were, doubtless, 
what we term dips ; and were mader then ‘precisely as in our days, namely, 
by dipping rush-piths {scirpm) into melted tallow. Wax candles were 
made in the same way, substituting the harder and finer material. 

We find frequent reference tp candles in the later classics, although, as 
art advanced, the lamf gained in prestige, as affording more scope for 
ornament. That candles, in Martial’s time, were fiot considered so 
“ fashionable ” as lamps may be gathered from his Apoph. 42 : 

* • • ** 1 / 

“ Hie tibi noctumosipraestabit cereua igneo 
Subducta est puero namque lucerna tuo.” ^ ' 

“ The foptihan, I am sorry to say, has walked off with your lamp, so yoWU 
have to put up with a candle.” « * ^ 

Subjoined is an attempt to giye the progressive stages of the develop- , 
ment of t^e candle in a chronological sequenc^. . But it must be. borne in 
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mind tlmt these sta^ ov^lap each oth8r oonsiderabfy^, and thht at no period 
can one form be said to have died out, or another si^ung into earistenoe. 
The link still flares, in •processions, the rushlight in its cage still ren&rs 
darkness visible in far country places, and even in ^London ; the miner 
persists in his preference for the tedlowdip, the cobbler has his “ flat candle,” 
and in the south <Jf England a rush, just coated with kitchen fat, and held 
in an upright prong, lights the bucolic at his evening meal. 

• 

Chronological Tablv ot tof various Stages in tne Development 
• of ^he Candle. 

1. Tardies, pi^tneval. — Originally resinoi^s pine-boughs, subsequently 

splints of the same (taeda)f bound together at intervals, possibly with a core 
of tow or flax saturated v ith resin, «fec. The word “ torch ” is derived from 
the tortitiv^y a t^wisted thing, a rope, which would apply more 

properly to the * • 

2. lAnk {lyd^nm, Lat.), which Virgil calls fvmmium (.^neid. ii.); 

• “ dependent JycJini laquearibus aiirei% 

« Incensi, et noctcm ^mmis fundlic^incunV* 

Here funis is evidently a rope saturated with pitch (probably bitugien 
found m the neighbourhood), which corresponds precisely with our present 
link, still used in foggy weather and in torchlight procdSsions. 

3. Flambeaux were a more elaborate and costly form of illuminant, a 

kind of hybrid between the link and the canaie. They consisted of 
alternate layers .of tarry resinous oakum ant! crude beeswax, with an 
externa] coating of white wax. In the seventeen oh and eighteenth centuries 
these were employed to illumine the halls and yards of the nobility, and 
were carried by the running footmen to light them home in their sedan- 
cliairs. Extinguishers for putting obt these lights Aay still be seen at the 
doorways of old London mansions. • • 

4. Dip Candles : Wax and Tallow Dips. — The word candle is derived 
from the Latin candela (Martial, Ep» xiv. 43), from candeo, to shine (Sans. 
kan). As before saia, the use of candles — that is, thill wicks of pith or 
flax suiTounded with wax or tallow — dates from a very early period; 
although their employment as a means of lighting \^ould not appeal; to 
have become general till the commencement of the seventeenth century, 
liefore which time oil was the common illuminant.* Wax candles, howev^ 
imust have been made, as now, in Large quantitios for cjturch purposes^ 
Venice would appear* to have been the h6me of tiiis industry, wnich was 
introduced into Paris in the seventeenth century. But the Wax Chandlers’ 
Company was incorporntod in ^,484 f proof that this manufacture was 
already an important one. 

5. Mould' candhs are said to have been introduced by the Sieur de Brez, 

in the fifteenth century. Wax does not 16 nd itself to moulding, hence the 
process was applied to tallow aloi^. As oifly the hawiest and finest fat could 
be moulded, these candles wqie co.i.dderably dearer than the dips, and their 
use confined to the better classes. ^ • 

U 6. Spermaceti cati^Xes appear to Ijave been first made, Jn England at 
t, towards the middle of aso century, although the splid was employed 
long beforfi as a basis of ointments. One Sarah Field describes herself on 
ajbill-head, 1756, as a Maker of the flew Sperma Oeti Candles,” 

• la 4 ho household p penditure of tho Earl ofljancastw (1313), we find ‘*23J9»lbe. of tallow 
, candles, and 1870 of lights for Pai’is ciifidles. called noroners” ^nrchablv wax Pood .Tour, 
nal/* Marc^ i, 1871. 
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7. Oambac^res introduced plaited wicks about 1820. Till tbat^period^ 

twisted cotton yarn was the only core available. ’ * 

8. Chevreul discovered stearic acid, 1814-15 ; and'Milly manufactured 
stearine candles (Boiigies de T^itoile), 1832. 

9. G. F. Wilson brings out composite candles of cocoa«nut stearine and 

distilled palm oil (palmitic and stearic acids). ^ * 

10. Night lights (mortars) introduced. « 

11. Paraffin manufactured by James Young (Pat. 1850). Paraffin 

candles manufactured at l ambeth by J. K. Field (Pat. 1854). * ' 

12. Ozokerit distilled and candles manufactured therefrom (F. Field and 

G. Siemssen, Pat. 1870). , « 

The above may be regarded as a fair summary of^candle-lore. For 
much interesting* information, on this branch of the suT^ect, the deader is 
referred to “ The Old Days of Pricers Patent C&ndle Company/' by G. F. 
Wilson, F.R.S. ; Solid aijd Liquid Illuminating Agents,” Cantor Lectures, 
Society of Arts ; and Beckers’ Charicles,” and “ Gallus.” . 

• The composition and manufacture of modern canc^les next claims atten- 
tion. There are five distinct classes of candles now made^: tallow, wax, 
spermaceti, stearine (including composites), and paraffin (including ozokerit)^ 
The importance cfi? these it in inverse ratio to their age ; paraffin, the Ij^st, 
preponderating enormously over the others, and tallow is almost extinct as 
a candle material, per se ; though, as the source of stearic acid, it is of gi^at 
value. As the nature and preparation of these materials have been treated 
of in another part*?f this work (Fats and Oils), they must be considered 
here as ready for immediate use. Before ^proceeding, liowever, to discuss 
the various processes, a few words on the wick are necessary. 

The Wick. 

Until the introduction of plaited wicks (^bout 1820) the same twisted cotton 
core was used for all kinds of candles as is still employed in tallow-dips and 
moulds. This bulky structure, having no determining impulse to one side or 
the other, remained in the centre of the flame, occluded from the air. Hence 
the light soon grew dim, owing to the absorption of tb© heat by the mass of 
carbon and minei'al matter. To maintain the wick at a proper height, 
snuffers were necessary, and many and complicated were the expedients 
devised for removing the objectionable ‘‘ snuff,” without allowing the nauseous 
vapours of acrolein, <kc., to escape into the air. Over fifty patents have been 
taken out in this line afone, some of which are marvels of mechanical ingenuity. 
Sut a simple, though beautiful, scientific expec^ient rendered all these appli-^ 
ances abortive. In 1852, Mr, 'William Palmer patented his “Metallic 
Wick,” into which a thread is introduced, saturated with nitrate of bismutli, 
and coated with finely powdered metallic, bismuth. As the flame reaches 
the wick, the metal is fused into a tiny globule, which by its weight forces 
the fibre into a curve, thus bringing the extremity into contact with the air. 
The carbon is oxidized to carbbn dioxide, and the bismuth volatilised. 
Tallow candles with wicks thus prepared wore especially employed in spring- 
lamps (for carriages, &c.), and the sale was very large, t 

Another expedient for overcoming «the straightness ofrthff wick was, and is 
still, employed^by Messrs. Ogleby <kOQ in the manufacture of their compositf 
candles. Here t}ie wick is wound* tightly round a cylinder o| iron, and 
brushed with a thin size. As only one side of the wick is^stiffened, a strong 
tendency to curl is imparted, and the‘neces8ity for snuffing removed. ^ 

But the class of candle for whiph these wicks are required is almost 
obsolete, and plaited wicks hare taken the place of twisted. It mustlaot bu 
imagined, nevertheless, that witb ‘the introduction of plaiting any further^ 
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improvement in this portion of the <sandle became unnecessary. On the 
contrary, the wick may be considered as the soul of the candle; for, on the 
proportion, prep^tion,.and condition of this slender core the candle depends 
for the proper discharge of its functions. , 

A candle-fla^ae is a gfi^ous cone, in which there are three district layers 
or zones ' of cheilical action. The first, or inner, immediately surrounding 
th4 wicL is non-luminoufe, and consists of the candle material, sucked up by 
thft wick, 'and vaporised at the point of 
contact .with the flame. In the second, the Pm 27. 

luminous cone, the vapour^ Income partly * 
decomposed, free carbon and dense hydro- 
carbons being formed. Iji the third cone, 
total coAbustion^akes place, and carbon di- 
oxide and water are produced. 

Now it is evident that the luminosity of 
the flamd depends on .the adjustment of 
supply to demand ; in other words, on the 
amount of material* vaporised being not in 
^[ixcess of the heat disposable for its com- 
bijstion. Where this condition is not ful- 
filled — that is, when the wick is toft large or 
too porous, and supplies tiie liquid fuel too 
rapidly — an over-draught of heat for vapori- 
sation ensues, and imperfect combustion is 
the result, shown by a dim light and dvolu- 
tiou of unconsumed carbon as shioke. 

On the other hand, where the wick is too 
small, the pores of the cotton become clogged, 
the material is melted faster than it can be 
vaporised, and tlu^ wick is “ drowned,” until 
relieved by the molten masJi breaking down 
the wells of the cup, and escaping down the 
side of the candle, a phenomenon technically 
termed “guttering,” Both phenojpena are 
equally objectionable, and have to be guarded 
against by careful adaptation of the wick, 
ill dimension and preparation, to the size and 
substance of the candle. 

Great care is taken in the manufacture of 
wicks. The cotton is specudly selected, with 
particular refermic^ to the absence of lumps, 

* knots, or other iri’egularities and impurities. 

It is then plaited ^\v special .raaclftndh, of 
which the subjoined c at, Fig. 27, wifi give a 
good idea. • 
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Plaiting Machine. 




Wick-plaiting machine. 


The bobbin# are held iu the notches 
shown in Figr2^ on the discs, whjeh rotate * 

at an equal spee^^ but in opposite directions. Each bobbin spindle as 
it passe^ between the axct, of the discs is transferred frdhi the discs on 
one axis to these on the other, the bobbins being thus made to desenbe 
• a path resembling the figure 8. This transfer is controlled by a switch 
which crosses from side topside in the intervals between the •passages of 
the* bobbins, so as to pass the bolJbms to the right and left alternately. ‘ 
A craijk-pin, shown in Fig. 28, moves the switch automatically at the propw 
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mtemk, and ^ insures uniformity m the plait of the cotton, in an almost 
noiseless machine, when cornered with other desi^. , * 

In order to prepare the wicks for the proper discharge of thmr duties in 
the candle, they are soaked in weak solutions of certain chemicals. The-ob* 
ject of this is, primarily, to supply ** backbone ” to the fibre, too weak of itself 
to resist the up-draught of the flame. An unprepared wick* soon “ feathers 
away, leaving a short stump, which is speedily ‘‘ drowned ” by the’ melted 
wax, &c. A little borax or boric acid supplies the necessary substeiice. . 

Secondly, where the material is readily fusible as in par^n, the pores of 
the wick must be slightly bbstructed with soine ^^‘'tcrial which can W relied 
upon to d('compose or volatilise when its woA: is done. Numerous sfilts — 
generally of ammonia and potash — fulfil these , requirements in vaiying 
degrees. Nitrate •of ammonia is a very favourite chemicaJf • 

* . Thirdly, where the ma- 

terial is difficult of fusion, 
an^the supplyof fuel limited, 
the capillary tubes must be 
freed lis much as possible 
from obstructive mineral 
matters. This is effected in 
various ways, with dilute 
acids, (fee. ; but great care has 
to be exercised, lest the wfck 
grow too weak, or retain a 
tendency to knot, and break 
in the candle machine. 

Some of the usual con- 
stituents of these “ pickles ” 
for wicks are : a solution of 
either boric acid, nitrate of 
soda or potash, chloride of 
ammonium, (fee., eacli having 
its advocates ; but a solution 
of borif acid with a few drops 
«f sulphuric acid is now 
conceded to be the most 
effective.* 

In one or other of these 
Wiok-plaitink Machine. the wicks are soaked for 

‘ some hours. The hanks are < 

then placed in a*^centrifugal machine, by the rapid rotation of which the 
bulk of the solution is expelled, without subjecting the fibre to any torsion* 
or bther strain. * *' , 

The hanks are next hung up in a warm air current to dry thoroughly, 
and are then, for machine-made candles, transferred to spctols ; the greatest 
care being employed tp detect and <Sut out the least knot or roughness. 

We can now proceed t« consider 'the several methods by which the wick 
is coated with the material. The methods now in vogue for performing this 
operation are : Dipping, Drawing, !Fouring, and Ca-sting. 

Dippingls employed in the manufacture of tallow arid inferior composite * 
candles only. As the introduction of 6heap paraffin lights h^ nearty ousted 
these grades, it wiD not be necessary tojclilate much on a prexjess now nearly 
obsolete. 

BushligW, the earliest form of dip canefles, were made formerly in 

* See Gbrlstiani, A Technic^al Treatise on Soap and Candles,” p. 489, 1 . a6, fto 
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almost emy country household. Kitchen grease 8u|mUed the oombufitilde ; 
a rush-lfirt^broofe the wick. All refuse fat was carefully preserved for the 
meliang. day, when, ^t * was boiled with water and a little salt, which 
** rendered ” or purihed it from extraneous matters. « 

The clean fat was then skimmed off and transferred to a pan, where it 
cooled to the consistency requisite to cause it to adhere to the wick. This 
eonsistecj of a rush, deprived of its bark but for one thin strip, to ^ve it 
su|4)ort. T'our such piths were joined together at one end, Jtnd held in the 
hand so. that eacli passed between two fingers. They were then immersed 
in the fat for some tini^, witlic|/awn, and when the first coat had hardened 
sufficiqptly, dipped again, repeatii^ the operation until they had acquired 
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The Edinburgh Star Dipping Machine. 


# * 

the desired bulk. , These rude candles, as may be si ipposed, burnt very badl^, 
#with a feeble light. They' required nq snuffing, however, and thus could be 
employed as nightlights, for which purpcse they were imprisoned in huge 
cages of gauze, or perfoTuted tin,* and placed on the hearth. 

The regular 'Calbv'-dip of commerce was made much in the same way, 
with the substitution of cotton yarn for.rush-pith. Of course, in factories 
more elaborate appliances for holding and dipping the wicks were necessary, 
and numerous ; but a brief d^cription of the lafest form will suffice, as it 
embodies all thA ppuciples'^of its predecessors, and is in actual use. 

. Dipping! .Machine. • 

This Inachine, Fig. 29, known as the ** Edinbui^h Star,” consiste of a 
vertically revolving shaft, having thi 4 e or more horizontal arms, which ex- 
tend^ right through the shaft,* and arq pivoted centrally therein. "From the 
extremities of these arms are suspended the bars holding thd wicks to be 
dipped, juid these come over the vat of zdelted grease in succession as the shaft 
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revolves. By pulliBg the lever on the€rame containing the wicks, the counter- 
lever on the arm is drawn down, thus slackening the chain whiph supports 
it, so enabling the wicks to be dipped. On releasing.the lever, the former 
tightness of the chain is restored by means of the weights, which pulls' the 
sliding wedge holding the chain into its normal position. • 

Fig. 30 shows a system of balanced weights and pullej^, employed in the 
Dipping Machine of Price’s Patent Candle Co., the weights on i^ich may 
be varied to suit the increasing weight of the candles in course of dipping, 
the bar or plate on whiph these ai’e suspended resting on thei brackets 
shown in the illustration. * 

The material employed for this purppse (cheap composite candlps) is a 
distillate of palm oil. These candles are generally finished off dipping 
them in steariue bf a higher melting point and better colCur. 


Fig. 30. 



*** Drawing is confined now practically to the making of “ spills ” or lighting 
v/ick, Jind ther smaller sizes of tapers, for Christmas ^trees, &c. The wick 
(cotton yarn) is wound off a druni which revolves on a spindle, on to another 
drum— generally about thirty feet* a^ay— turned by hand. In its passage, 
the wick traverses a bath of wax' or #;earine, passing out through a plate, or 
die, perforated with holes of increasing calibre (from -5^^ in. to ^ in.) see 
Fig. 3 1 . When all is wound off the first drum, the process is reversed, and the 
wick passed through the hole next^in size, and so on, until of the requisite 
diameter. For lighting^wick, this varies froan to J inch, for tapers from 
J to i in. While still soft, the coated wick is removed fibnji the drum, and 
cut into lengths of frbm 7 to 22 inches.* These are made up into bundles, one 
end of wKich i^ dipped into boiling water, and the wicJks sharply flipped ’ 
over the operator’s arm. This removes the wax from the tips, and 
“feathers” them, rendering the process of lighting considerably speediei 
than with the tmprepared ends. * 

, The tfiicker cables (generally of bee8wax)‘are cut into shorter leijgths, 
from 2 to 5 or 6 inches. A 'small piece is* removed from one end by th( 
simple meaps of a knife and the hand, and the taper is finished* Thesf 
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tiny c%ndles vary in weight from 41b to 400 to the pound, and are in 
enormous demand at Christmas-time. The last coating is generally coloured 
with scJme gay pigmeAt — vermilion, ultramarine, &c. Of late years the 
introduction of paraffin tapers of delicate tints and great transparency, at 
about one-third* jihe cost, has greatly diminished the consumption of the 
des-rer .wax-tapers. , 

• Fio. 31. 



I>r.'xwing Machine and Die Plate. 


Bouyies . — Another form of the drawn candles is that known as bougies.’' 
'I'hese consist of a length of the cpatod wick, generally ^bout -^^ths of an 
inch in diameter, so coiled ns .0 be easily unrolled as desired, and much re- 
smnbling, when made up, the ordinfury ball of string. They are em^^loyed 
by us(n’8 of sealing-wax, and otherwise where the light required is of short 
duration. , ** 

, Fra. 32. 



Pourirfg Apparatus. • 

Pouring is resfricted i Diely toVax candles. Although the use of these 
is nowadays al^post wholly oon&ied to churches, and in*a few cases carria|^ 
lamps, the output is large enough to warrant a full description of the 
process of manufacture, whjch possesses a special interest in thjit it varies 
nowi^from tliat practised centuries ago, ^ if we may judge. from the old < 
desermtions and drawings. * • 

THe apparatus is simple and is well shown in Fig. 32. «A jioop, with 
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stirings placed ab regular mtenrals on tts circnmferezioe and enapend^ from 
a hook hy thi-ee cords terminating in a swivel ; a pan with fneansiof heating, 
and a ladle, make up the wax chandler’s inventory. * J3ut the art of using 
these simple tools aright needs a long apprenticeship. 

The workman first attaches the lengths of wick to the strings on the 
hoop, by means of a little wax. Thereupon be suspends tie hoop over t^he 
pan, filled with melted wax. The temperature of the latter has to fee nicely 
regulated according to the heat of the weather. It should run evenly And 


Fig. 33. * 
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easily over the whole length of the core, yet congeal rapidly enough to 
receive and retain a second coating when its turn arrives. The operator 
now gently revolves the hoop and pendent wicks over the pan, pouring the 
wax over each wick from the ladle, much as a cook bastes a joint. After 
six or eight coatings, according to the weather, the hoop is removed to cool, 
and another substituted. To complete aji ordinary candle (about six to the 
poun<y about six pouring are sipfficient. 

While still soft and warm, the full-sized candles are plucked loose from 
the strings, and transferred to a smooth marble slab. Here the openitor 

rolls thefii under a board furnished with a 
handle, Fig. 34, through which he passes his 
elbow, leaning all his weight upon the candles 
while rolling them. This operation, illus- 
trated at Fig. 33, removes the irregularities 
of surface inseparable from even the most 
. * sk^ful pouring, and impp-rt^ a polish. After 

this, the cylinders of wax are cut down to their proper lengths, » 
and “tipped** by means a sharp-edged piece of wood, Fig. 35, 
an operation requiring much ^ill and practice. The candles 
ore now complete. A skilful workman w^l calpulate the weight 
of his goods to a ninety, seldom making an error of above 
J oz. in the pound. 

For churfth purposes some gigantic candles of 30 and 40 lbs. 
iVeight are made, sometimes exceeding 9 ii^ch&s in diameter 
and 7 feet in length. ' These require Extraordinary core, and are after- 
wards painted and decorated. On the Continent thiR*'^rt is carried to a 
pitch quite unknourn in England, the most exquisite devices ‘'in bas- 
relief and intaglio being applied to , candles for Roman' Catholic altar 
decorations. ' 

I Candles of unbleached beeswax, for funeral purposes, are also sometimes 
demanded, but their manufacture doep not varj- from the above. It must 
be remember^ that the ** wax " mentioned throughout is pure, air-blbached 



Fig. 34. ‘ 
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beeswax, Nootherwaxee^areof use, although mudihAs been written 
about thenv. Japan, Myrtle, and Camauba wax bum abominably, and a 
veiy small percentage either will min the finest beeswax candle. Some 
candles, made by the Boers from Myrtle wax found in South Africa, were 
exhibited in 1886^ but they burnt atrociously, and guttered unoeaeingly. 

* \ * Mould Candles. 

*A5 . before mentioned, the Sieur de Brez of Paris is credited with the 
introduction of this iiyenii<^n jnto England, if die did not actually pose 
as the originator of this process of candle-making. Although some 300 
years elapsed between the periods named (the fifteenth century) and the 
date whgn any ribable steps were first apparent in th^ direction of the 
manufactui-e of candles by machinery, yet it seems reasonable to suppose 
that the art of mouhling candles must have been caixied on from tliat 
early tima in hand-fi*ames4 or sets » of moulds^ more or less resembling 
those employed ‘at the fjresent day, since there is a want of information 
respecting the origin «of the “ hand-frame that points to its being a vbry 

Kig. 36. 



early outcome of the Sieur de Brez’s innovation. In* the oldest candle 
factory in London (perhaps in the world), there appears no record of hand- 
frames being used earlier than 1 50 years ago, alt|jough possibly this may have 
occurred by reason of that firm’s having confined itsblf almost exclusively 
to the making of l>eesway candles, the first suspicion of hand-frames^’as 
remarked elsewhere, being Coincident with the manufacture of spermaceti 
candles by Sarab Field about the middle* of the last century. this as 
•it may, we have to aec^^t the hand Jrame’s history as told, and can only 
conjecture tliat the steps between the^n^lo mould of the Sieur de Brez and 
the exceedingly simple piece of apj>ara^8 known as the hand-frame of to-day 
cannot have been*very many or of much importance. 

Under the description of machine-niade candles may also be classed 
such candles as are moulded in hand-fi^mes, as ^his will then include all 
lights turned out^ of “ pip^s ” o. “ pioulds.” The employment*of the hand- 
frame nowaday ' is* restricted to the u^ufacture of spejmaceti candles gener- 
, ally, and of those social sizes or qualities of candles for which there is not 
sufficient demand towarrai, much mqphanical assistance in ?heir production. 

The * hand-{ram6,” as its name implies, is simply d small oblong port- 
able table, or framework of strong* wood, carrying a number of pipes or 

moulds. Its general construction will be readily seen from Fig. 36,* It may be 

* • 

* Except, perhaps, the Chinese Beh-la (Insect-waSc), but that hardly evAr comes to the 
English market. It is, besides, so very hard axfti crystalline as to render the manulaotiire of 
candk'S fiom it a matter of much difficulty. 
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of any dimensions within the range of portability, but aa a rule W’ould not 
have a capacity for more than three dozen candles, of a small size, eft* ^bout 
half that number of the largest ordinary moulds. . Unusually large sizes 
of candles are made,indi^udually in single moulds, the hand- frame never, 
when charged, being heavier than can be carried by any one of moderate 
strength. A hand-frame of average proportions measures about 6 inches 
wide, 24 inches long, and 18 inches deep, and contains three rows each* of 
eight moulds, to produce candles weighing six or eight to the pouha. 

A single pipe is shown in section in Fig. 37, with a full plan viewed 
from either end respectively, and the folloi^ing . de»jription of the process 
of making candles in hand-frames is obviously modifiable when applied to 
the single pipe. 

The method by which candles are made in a hand^rame is 
substantially as follows. 

The wick for the purpose is previously cut into special 
lengths to suit the varidUs sizes (!)f candles’ manufiictured in 
this way, and is technically known as “ eyed ” wick, having a 
small cotton loop or “ eye ” attached to or formed at one end of 
each length, whereby it can be suspended in the mould. Afte*’ 
due pireparatiqu, or pickling (as previously desci ibed), e^nh 
length of wick is taken, anil the eyed end held beneath the tip 
of the mould. A piece of fine strong wire, the end of which is 
fashioned much as a crochet-hook, and having often a woo<len 
handle, 4 r piissed through the mould by the opeiator, who, 
hooking it into the 03/0 of the wick, then draws this l)ack with 
it into the pipe. At the trough end of the mould, the hook is 
removed, and a piece of stout ll. shaped wire, about 2 inches 
long, passed horizontally across the mouth of the mould, through 
tne eye, thus holding the ivick in a vertical position in the pipe. 
At the under or tip end, the wick after being drawn straight, 
but not too tight, is secured in its place by the introduction 
of a little conical wboden peg, which a light blow with a hammer 
causes to hold firmly. The illustration of the single mould at 
Fig. 37 shows the little wire cross-bar, the wick, with its eye, 
and the securing peg at the tip end. The vertical bend of the 
cross- bar is of sufficient length to rise above the surplus material 
in the trough the frame when this is charged, so 51s to admit 
of its bein^ readily withdrawn. Having wicked the whole set 
of moulds in a band-frame in this way, the wicks are carefully 
adjUi;«ted by eye to as near the centre of the moulds as possible 
by shifting the horizontal cross-bars, and with them" the wicks, to the 
required position. , • 

The hand-frame is now ready ^to 'be charged. After being filled with 
the liquid material by means of a ^ jack,” or can with a flat wide spout, 
the frame is placed in watei* up to the under side of the tiSough or in a c(X)i 
place, according to the requiremen'os of the material or the temperature of 
the atmosphere, until thei candles Have set q\jite hard. The little pegs are 
then withdrawn from the tips and the horizontal wire bare from the trough 
end, and the surplus material in the though is scraped ‘off'by means of a 
blunt knife or spud ” of corresponding width. 

The hand-fram^ is now turned upside down, and a few light bl^ws with a 
mallet on the moulds speedily and sufficiently loosens the candles to enable 
them to be drawn out of the pipes. The wicks at the tips are trimmed t<? 
the propei length, and the candles are pow ready for paclang, and the ^nd- 
frame for re^-wicking. « 

It may here mentioned that the chief reason for moulding spermaceti 


Fig. 37. 
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^niidleB in band-frames is that, having been the first modem candles produced 
frmn motilds, the public recognised them by tho slight impression across the 
base left, by the little *wire bar, and though this material may be equally 
well* moulded in steam-machines, yet the public would fee inclined to doubt 
the identity of spermaceti candles not bearing this little mark. 

• 


Moulding Candles by Machinery, 


The 'iml inventor of the sLjam candle-moulding machine is almost as 
unreal a person as that ol the locomotive engine or many another per- 
fected invention of to-da^/ The mechanism which produces the bulk of our 
candles ij the ou^ome of Successive feats of ingenuity, gne improvement 
following another, step by step, until, front the above described hand- 
frame, yielding only 4 or 6 lbs. of candles at a time, and that but once 
every coup]e of hours, is eyolved the contiimoiss-wicking, self-fitting-end 
making machine^ which fcan give us a couple of dozen pounds of candles 
per turn-out, two or« three rimes an hour, until the supply of wick *is 
exhausted. * 

• Ever since State protection was granted to inventions, from early in the 
Seventeenth centuiy, the historian, d#gii*ous of trdbing the progress made in 
any particular branch of industry, 
carealmost always follow it up by 
searching the records of tho 
Patent Office Library. ?^ot 
every man of inventive turn has* 
shielded the work of his brains 
by a licensed monopoly, but most 
great inventors have done so, and 
by this means not only secured to 
themselves the temporary ad van- • 
tages arising from their inven- 
tions, but left a detailed descrip- 
tion behind them of their methods, 
invaluable alike to subsequent 
workers on the same gi'ound, and 
to compilers studying the liisLury 
of their work. Other and less 
trustworthy sources of informa- 
tion failing us, therefore, in discovering the “ inventor of the candle 
machine, we can upe^rth from tho Patent. Office ^ ecords not altogether'^ 
ijicomplete history of this apparatus. 



Binm' Machine , — In \ ho first vf ar of the present century, a Thomas Binns, 
of Mai’ylebone, invented candle-moulding machine, the leading idea of which, 
the alternate application of heat and cold (in the form of steam and water 
respectively) to tho moulds, in an iiermetidklly sealed box, forms one of the 
chief features in the present majio of canSlle machiaery. Otherwise, Binns’ 
apparatus had liUle else tp coujmend it, when compared with later im- 
provements, alth" i%b it must be oonfcijsed that the introduction of steam and 
•water into the box^«ontaining the moulds was of great importance. The 
drawing at Kg. 38 gives a g^iieral view of Binns’ maohir^e, which consisted 
of four sllch Garble frames or boxes of moulds, loosely suspended on the 
f^nt of the rim of a vertically pivotdli wheel, which being arranged to be 
^wly revolved by gearing, brought tl^e sets of moulds alternately to be con- 
^ nected to the steam or water, pipes, according as to whether the moulds 
were to ]>e heated for the reception of *th6 material or cooled ^after being 
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charged with it. ^ A somewhat straqge claim of Binns in amneotion wtti 
this apparatus is his asserting its applicability to the manufacture^’of 
wax candles, which, in effect, lend themselves most rpluctantly tamachm 
production. Possibly the wish was father to the thought, that m the con 
trivance for applying alternate heat and cold to the moulds, the beeswa: 
might show itself readier of extraction therefrom. Be this ^ it may, evei 
wiSi the machines of to-day beeswax cannot be ihoulded satisfac^nly,’an 
the means and appliances for this branch of the candle-maker s' art are th 
same now as they were 200 years ago or more. 

SaMson ' 8 Machine.--^ Q have spoken 'W Fmns’ candle machine firs 
because it was the first to show any real advance in the collective: mam 
facture of candles on the then existent hand-frame. Sut the^e is on 
patent prior to that of Binns, bearing the name of Joseph Stacey Sampsoi 
d Moorfields, in Middlesex, and dated 17th June 1796. The idea hei 
divulged is merely the coniJbination of a number of the ordinary band-fram< 
® upon ‘iihe circumference of 

' Fig. 39. horizontally revolving whe 

which brings the troughs serial! 
beneath a vat containing tl 
melted material for chargir 
them. This apparatus will I 
seen at Fig. 39, which, howe\e 
does not show the vat, but on 
the outline construction of tl 
machine. Sampson's machin 
in addition, had a spool of cott( 
wick, conveniently fixed on t! 
vertical axis of the wheel (al 
unseen in the figure), so that ! 
could take a length of wi( 
therefrom and thread it throu; 
one whole set of moulds ( 
even the entire machine) 1 
means of little hooks, such 
are described in wicking hau 
frames, the central position 
the wick being maintained 
bars of metal the length of t 
trough, resting over the moul 
•of the moulds, fn which were drijled small holes, centrally over the moul 
to admit the passage of the wick ^t that end, whilst the tip-^d had 
similar-sized hole, as in the mould new employed Sampsons patent cov 
also a number of small appliances intident&l to this particular i^bine, 
otherwise it is not remarkable as an invention, exceptmg jn that it di^lo 
a concentration of various parte, which often forms an important factor m 1 
progress towards perfect^ion of any machine.^ 

first Maohine.-Both candle manufaeWs and the pul 
appear to have remained satisfied with the result of Binns mvention 
ab^a third qi a century, as genius did not 

Patent Office in this direction until *he year 1832. At thw datjft Will] 
Palmer protected his idea, in spite of Binns' patent of 1801, of encM 
the moulds of a hand-frame in a water-tight box, to contam the wa 
or other refrigerating liquid," for cooling the ‘moulds. There is rea^ 
novelty in this later patent than in Binns', ^ no mention 
of steam or^other warming agents fdr preparing the moulds for the seoep 



Sampson’s Candle-Moulding Machine. 
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of the melted material, the water-tight boxes being merefy fitted with 
wooden underneath, by means of which the water could be run off 
when the. cooling wait pompleted. Each box of moulds, however (Palmer 
mentions 36 pipes to each frame), was of larger dimensioms than the ordinary 
hand-frame, and was pivoted at the ends, to enable it to be easily turned 
when the candles Were ready for extraction, simple means being devised for 
preventiii^any movement bf the machine on its pivots until it was ready for 
this pperatiOn. 

Morgcm *8 Jfctc/in/fl.— jAcoupl^ of years later, hifwever, in 1834, we come 
to an invention which, for c?)mptetenes8 of detail and general efficiency of 
design, may fairly be regarded as the father of the present candle machine. 

, In combination with the moulding frame, Joseph Morgan, of Manchester 
(the inventor), had means of ramming the candles out of the moulds, a 
sort of clamp to hold the candles when expelled, revolving knives for cutting 
the wicks ^om beneath the^made candles, and nippers to hold the free 
wicks in their cei>tral position in the moulds pending the pouring in of more 
material. Thus Morgan’s mad line, having movable pistons through which 
passed the wick, •was continuous wicldng — that is to say, the expelled candle's 
place in the mould was taken by a fresh length of wick,j)roceeding from 
the linverted tip-end of the new -mad^ candle, through the vacated mould 
and piston-tip to the reel or bchb.n below the machine containing the bulk 
of the wick. • 

The action of the machine was briefly this : — The ^dcks being drawn 
through each mould, were held accurately in its centre by the nippers 
above. The whole frame was run upon a little railway to beneath a vat 
containing the substance of the candles to be niade, where the moulds were 
filled in the usual* manner. The machine was tnen “shunted" along the 
lino out of the way until the candles had liardened, when the nippers being 
removed and the superfluous mateiial scraped off, the frame was run 
along again (others having meanwhile undergone the filling operations, 
(fee.) to a table furnished with rammers, apd cciresponding, in number 
and position, to the moulds in the machine. The frame, which is 
pivoted, was then tilted to a. horizontal position, so that the piston or 
tip-ends of the moulds faced the •I’ammers, which were then simul- 
taneou.cly forced against them, so ejecting, by the movaCle tip-piece, the 
candles from the moulds. The candles passed into a grooved divided box 
or clamp, hinged at one end and provided with a clasp at the other, 
so that on being shut dowui it held the candles firmly, and tl^e^ 
wicks beneath being again oentrally secured by the nippeiji, the portion 
above these and below the newly made cj^ndles w.is severed, so that, on «► 
r^oving the clamp full of candles, the machine was ready for refilling, 
as at first. * * • 

It is a pity that Morgan's -^p^cifi^ation gives no complete view of 
the machine in question, though amply provided with drawings of various 
parts ; for this reason it is not easy to gi^e a figure of reference to this 
invention, the full importance cf which gan be gauged by the foregoing 
description, and will be morereadilv comprehended v^en compared with the 
description of me^Jh^es of a much later date. 

, Tuck^s Machine . — ^^nother considerable development of the candle 
machine was contained imth( hj ventioq^of Joseph Tuck, of Condon, under 
Ms patents of 18^7 and 1842. In Figs, 40 and 41 will "be seen views of 
Tack's machine, in which he employed •steam and cold water for varymg 
the temperature of the moulds (jvMch Morgan apparently did not), hut, like 
Morg^'s, Ms machine was egntmuous ^oking^ and was certainly more self- 
tsont^ed^and stationary. He nad a single row of moulds on]y,^and when 
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the candles w«e*e ready, they were d^awn out of the mould from above, and 
not pushed from below, the extracted candles being held jin a clamp, which 
though much like those in use at the present day, .was not desired to hold 
, the 'succeeding length of 

40. Fig. 41. wick centraily in the moulds, 

I rrrj; Tl accordingly clips had to 

fT n .1 be employed for this pui-pose, 
Lim i M ii.tin jiifini ii ^ ‘ jf as in Morgan’s ‘ machine, 

ll^ || 1 I rif clamp of Tuck’s, how- 

t eve!', was used above the 
moulds, and the candles 
‘ drawn into it, which was an 
improvenient on this detail ' 
Morgan’s, though Tuck’s 
clamp was only meant to 
hold the candles pending the 
arrival of" another empty 
framed which, being lowered 
from above, received them, 
prior to their wicks being 
_ severed. 

Palmer's Second Macl^ne, 
— William Palmer, in the 
course of years, followed up 
. his patent of 1832 by many 
others, having apparently a 
genius for invention as re- 
gards candle - making ma- 
chinery. Although much 
of the subject-matter of his 
specifications relates to un- 
important and temporary 
detail, nearly all of which is 
now obsolete, there is a 
Tuck’s Cafidle-Moulding Machine, j',atent, dated 1845, which 



claims careful consideration. In the machine he there describes, Palmer 
arranged the apparatus sdmewhat after Morgan’s fashion— that is, with an 
.independent device for forcing the candles from the moulds ; and he claims 
the combination of the nozzles of the candle moulds, so that they are the means 
of forcing the (handles therefrom — which claim evidently implies the employ- 
ment of the movable piston, covered by Morgan’s patent of 1834. Painter 
did not, like Morgan or Tuck, make, his machine a continuous wicking one in 
the ordinary sense, but he so constructed the frames that they stood one 
above the other, three sets of moulds thus being in a vertically direct line. 
By this arrangement he was aj)lc to wick the thi eo lineal moulds together, 
bobbins of the wick beipg below ^he respective moulds of the lowest frame, 
as indicate^ in Fig. 42, which also gives a general idea of the theory of the 
machine. In order to wick the whole frame-length, well as the thr^ 
sets of moulds, simultaneously, a modification of the method employed in 
wicking hahchframes was devised ; Ibis consisted of »a long bar, suspended 
horizontally andv exactly over the t 5 p set of moulds. From th% under side 
of this bar a number of long, hooked needles project, ‘so distanced as to 
•enable Jbhem to go down the centres of the moulds to take the wicks faom 
the bobbins Weath these. ^ This happened when the bar, by means of 
l^uides and pulleys, was lowered, on itS return journey the wicks weit^ 



iiS 


HAOHINKS. #8^3 

• 

drawn up through the moulds, 'fh^ were then 
hlled, and, when the candles were set, the wicks cut 
^^tween the sets of moulds. The frames were then 
detached from the machine and t^ken to a ramming 
bench, where the .candles were expelled from the 
moulds. All the pistons being attached to one cross- 
bar,* this was a simple matter, and Pigs. 43 and 44 
show the sjrstem of leverage, &c., employed. Palmer 
made use of steam and water for heating and cooling 




the moulds, and those sh wn by the plan at Fig. 44 
do thus not quite compare with the single moulds 
shown at Fjg. ^2, but the wicking arrangement could 
obviously have been multiplied. 

Siainthorp^ s Mcvchiiu . — Ten years later, 10^855, 
John Stainthorp, of Buffalo, New York, obtainecl 
a patent in Aiierica, which embodiq^ all the elements 



Moulding Machine with Palmer’s Candle 
Forcing Apparatus. 
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of the caudle machkie of the ^Te&ent day. The lead* 
ing -s in this, besides the manner in which 

various improvements were brought together, were 
the vertical eje^ion of the candles from the moulds, 

' and clamp, to hold them in position centrally 

over the moulds, the machine bding a continuous 
wicking one. •There was no absolute novelty in 
Stainthorp’s invention, with, perhaps, tlie exception 
of the jclamp,*but the happy constructive ability 
of the inventor • combined existing forms of the 


Palmer’s Candle-Mould- * 
*■ fog Machine. 
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machme, and modified them to produce the compact apparatus described 
in his patent^ diagrammatic views of which are shown at **Figs. 45 
and 46. The clamp in question was not so muqh. designetf to .grasp the 
candles, but was m^de to support them, and so avoid the risk of fracturing 
or bruising their surfaces. It consisted of two similar pieces of wood, 
having notches cut in their inside surfaces almost the entiife depth of the piece, 
(about four inches), the notches being graduated dff, so that after t]de cafidles 



k Stainthorp’s Candle-Moulding Machine, *" 

had passed between them, and tke clamps closed together, the tips of the 
candles rested on the graduated parts, tlie«notched incision closing round the 
shaft of the candle, but not tightly. The action will be best understood on 
reference to Fig. 47. 

ILumistoii'b — Humiston’s patent followed closely on that of 

Btainthorp, too closely to allow of the idea of .n.n infringement, although 
the inventions were practically identical. ' Willis Himiiston, like Stainthorp, 

® was an American, of Troy, New York 
FiQ- 47* (though the latter is generally supposed 

’ in 1 ^ Yorkshireman by birth), 

‘ and his machine was, like StainthorpVs, 

continuous wdcking, and had also a clamp 
V 4 to hold the ejected candles centrally over 

I ^ the moulds. Humiston's mac;hme is 

* ‘ ^ n \ J l-J - shown at Fig. 48, and perhaps the most 

I L I \ _ interesting detail is the clamp (see Fig. 

P P I = 50 in plan), and of Which Figs. 48 ai^d 

49 show' views. It will be seen that 

. 1^=1 ry .,1 1 thte claipp (somew'hat like Stainthorp's in 

I construction) consisted of two pieces of 
10 candles, similarly 

I 1 1*5' vj r shaped, having semicircular notches cut 

I |£|[J \ *on their jjiside faces, the two parte being 

Part Seetton of 8tainthorp»s kept asunder by springs, to admit of the 

Candle Machine. pasfage of the candfeS* between. The 

insides of the notekfs were coated with 
india-rubber, avoid hurting the ^candles, and when these we^e duly in 
position, the handles of the clamp were turned, and cam-sliaped projections 
on the parallel handle rod both squeefed the inside pieces of wood outwardp, 
and drew the outside pieces inwards, piaking^he candles secure in their em- 
brace. This was not quite 60»good a method as Stainthorp’s, as by iKMSsible ^ 
unequal pressure ifiong the clamps candles were apt to get broken, anq any 
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«&ae the tightly holding clamp must hive injured the smootH surface of the 
eandles move or 1^* 

Humiston^s Amerksdn patent machine had a somewhat complicated 


Fig. 48. 





^stem of pulleys* and ropes for raising the candlf^s simultanoouKiy from 
the moulds, which was also tlio means employed lor raising the lifting-plate 
of Staiuthorp’s machine but the modified apparatus shown by Mortit, in his 
Fig 49. * * Fig. 50. 

Ctcunip^ rJcAcd/- 


Clamp.'} opm> 


Humiston’s Candle-Moalding Machine. * * 

Treatise on 8oap and •Candles,” gives'* 
a iwk and pimon to serve this pur- 
pose^ a« will be noticed in Fig. 49. 
•The to which the pistons were at- 
tached was made somewhat elastic, so 
^hat, 01^ being started, the candles at 
the end# began to come out a little before 
' those towards the centre of tjie machine, 
any sudden jar on them being by this 
meins avoided. Springs were also set 
between the outside of the pistons and 
the Iffting plate, so as •to ensure a tight 
fit qf the former in the moulds, and thus 

g revent leakage. • 

tainthorp and Humiston dei^rve much" 
icredit for their inventions independently, |uid tTidugh Stainthorp has priority 
of dahn hy a few months, Humiston’s machine in some of its ^et^ls was 
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more "valuable and well thought out. It is noteworthy, that in 18571 b^n 
these American patents were repeated in England through different ^eneies, 
the real inventors’ mames being in neither case disclosed, and a close 
observation of the respective specifications of the agents, W . E. Newton and 
J. T. Pitman, reveals without a doubt the fact that the former was acting 
for Humiston, and the latter, filed but three days'*later, for Stainthbrp. 


Fig. 51. J'lG. 52. 
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In 1856, Mr. E. A. Cowper^ who was the consulting engineer to 
Price’s Patent Candle Company at that time, patented a means of ejecting 
candles from their moulds by compressed air, and machines with this con- 
trivance were employed by that company for many years, supplanting those 
older forms of Joseph Morgan’s, which we have already described. The 
former have, however, now long since given place to machines having 


Fig. 53. 
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Morgan’s ^eam and Water Circulating Arrangement. 


mechanical means for expulsion of the^candles, of which t^uonstructions of 
Stainthorp and Humiston were the ft^erunners. ^ 

Staintnorp^s and Humiston’s inventions bring in reality the historical 
view of the candle machine to a close, since in almost every pariicular tho 
machines of 1892 are identical with those of their date, subject of course 
such minor improvements and modifications as the experience of candle* 
makers and their technical engineers havQ from time to time devised. 
Foremost among the improvements mentibned may be quoted the better 
arrangements for equalising the distribution* of the heatmg ana cooling 
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a^ncies in the tank containing the Inoulds. Down to 1859, it was oon-^ 
sidered Vufljcient*mel^ly to provide inlets and outlets in the tanks for 
introducing and emitting the steam or cold water, irrespectively of ^e 
course taken by currents „ • 

of these inside the tank, 
which, however, -^as found 
by 8ubseq,pent experience to 
run* in a direct line from 
inlet to outlet, cooling or 
warming those moulds in* 
their igimediate path to a 
much grenter degree than- 
those ofttside this line. 

Consequently the candle.^ 
from such moulds as ditl 
not obtain sulficient varia- 
tion of temperature,^ wore 
difficult to expfti and not so 
sntisfactorily made a,s those 
wlvch had been proj)erly 
treated — that is to say, 
particularly candles made 
from i^iralii n, since steaririG 
(jtndles, being moulded 
from the material when all 
but at solidifying point, did 
not need so much-attention 
in this respect. In 1859, 

Morgan designed a machine 
having perforated pipes 
throughout the length of 
the tank, by which means a 
better circulation of the 
steam and water was ob- 
tained. Some time after, 
the tank was arranged to 
permit an overflow of the 
water at various points at 
a level near the top of the 
moulds, which was drawn 
©fFby pipes or drams placed 
outside the tank, as 
be seen by Figs, 51 5?, 
and 53. 

A much neafer, more 
effective, and also economi- 
cal improvement has been 
introduced of la t^ y ears by,. 

Price’s Patent Candle Com- 
ny and is illustnrted by 
g®- 54. S5f TkV 

strain and water^inlets are 
placed 

^tead of overhead aa usual. * The side-drains are inside the tank,'t**« 
h^g earned off by a pipe at t)ne end.^ Thd pipes from both of the sid^ 
drams ^oin together in the centre and pass out through the bettom of the 



i rice’s Patent Candle Co.’s Improved 
Candle Machine. 


at the lower corners of the tan^, the main supply pipes bei^g beneath 
[ of overhead as usual. * The side-drains are inside the tank, the water 





IHFSOVED CANDI£*KOULDINQ MACHINES. 


88 • 

f 

tank a&d down the ineide of one leg of the machine, to the main drain 
below the floor, the whole system of circulation being thus kep^ wfthin the 
walls of the machine. • , , 

American and Continental practice shows but a slight variation on' the 
model English machine, as will be gathered on examination of the following 
illustrations, which represent at Figs. 57, 58, and 59 an*English machine; 


Fig. 55. 



' Price’s Patent Candle Co.’s Improved Candle Maciice. 


Pig. 60 (p. 9iyi§ of American make, whilst Figs. 61 and 6c (p. 92) are FVenok * 
and German respectively. It will be noticed that the latter are pro^pded with 
coverings for the bobbins, the French machine having a fcylindrical metal 
casing, the German a platform over ^he collective bobbins. These are in- 
tended td keep the wick from dust and dirt,* leaks from the tank, die., it 
being highly essential that the ^tton in the candle should be absolutely free « 
from dampi|^ or foreign matter. * In the Ohio Silver Plate Company’s 
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machme, Kg, 6 o (p. 91), the bobbins art placed vertically and i 4 o not revolve, 
^e wick bdng drawn from them somewhat after the way that silk is taken 
from a cpooon. , « • 

Fig. 57. • 



In fo^owing up the progress of the candle machine from infancy to 
naturity, so mudh description has to be given to details commanding special 
fcttention, that perhaps general construction has been put somewhat in the 
diade^ It will not therefore be amiss, with the above figures to *guide us, , 
>0 give a general outline description of the 6andle>making machine of the 
>re8ent day, * ^ 
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Cowles’ Candle-Moulding Machine ^Improved) ready for Filling. 
Fig. 59. 
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The water-tight tank, so often inferred to above, is ^pported on a 
framework, of' cast iron^ and is from three to five feet long, about ig 
inches across, by, a foot ’deep. It is usually divided down the centre, each 
half centring a range of two rows of moulds. The •moulds traverse the 
tank vertically and are soldered into the trough end, being secured under 
the bottom of thS tank by a screw-nut, the mode of fixing which is similar 
to fhat sl|own at A, Fig. 63 (p. 93). A cross plate of the frame at its base 


Fig. 60. 



The Ohio Silver Plate Company’s tJandle-Moilding Machine. 

(which serves the twO end legs or supports) has on each Sde a number 
of horizontal axes corresponding witlfthe number of moulds, each axis being 
•placed respectively •lien^eatb each mOuld. On these are put the wooden 
bobbins liound with the prepared wi6k. IVom the bottom of the moulds 
project the pistdh stems, to the uppe^ ends of which are attached the tips 
of the mould, the lower end being screwed to the lifting-plate,” which is 
just above the fmtne of bobbins, and which is guided by the en(|s or lew of 
the machine, grooved for this purpose. ^ There is a rack and pinion on both 
sides of •the machine, the pinion being secured vertically to the Mftijig-plate, 

whilst f.Vi A frkmrw»T« Itaa rtn rtndi ai<lo nf fViA Tnn/shiTiA n Inner Iavav. wkinVi flAY*trAtt. 
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to raise the lifting-plate, and with it the p^ns, thus exMllhig the candles 
from thh moulds^ The pistons, with their stems, are of course hollow, to 
admit the passage of .the wicks. These are, in the first instance, drawn 
fhrouffh by hand, and secured • 

oentr^ly above the moulds by 63. 64. 

little clips, a sufficient number 
thei^f 'itfing on a ligh^framo- 
’ wohk, which can be removed or 
thrown- back on hinges after tl»e 
first filling. When tlfls is com* 

Dieted fnd the clips removed, the 
surplus material is scraped off, 
and the •trough surmounted by 
the clamps (ahmdy described at 
length), the candles coming up 
into their respective places there- 
in, By turning the handles on 
the clamps the canefles arc se- 
o«ired, when the lifting-plate is 
■allowed to descend taking the 
pistons with it, but leaving th ^ 
mgulds with a length of wick 
down the centre, which was 
drawn from the bobbins as the 
last made candles were puslie4 
out. The moulds can now be re- 
filled, and when this material has 
set the wicks of the clamped 
candles may be snipped below 
fvnd the candles removed. The^ 
surplus material is again scraped 
from the trough, and the above 
described series of operations re- 
jieated until the supply of wick 
on the bobbins is exhausted. 

Joh^Ly^nM/l^tentedhis invention for gl^ng the ends “ 

conical Lape to ensure theiv fitting tightly into most brdinary candle sockets. 
The patent was cotnpreheflsive, but many inventors hsw ^ 

since claimed variations on this inventioir which were rea ny lict. 65. 
fiovered by Field’s speci^cation. After many expenmer. s, 
the now well-known self-fittinK^end,»Fig. 64, was adopted, | || 
and since the expiration of the patent the corrugations i.ive 
assumed many ferms, according to the 

manufacturer. The latest improvement 1* that of Wig&elds, HH}/ 

whereby a saving of material is secured* to the benefit of 
the duration of |ie oandl,, auTi the butt itself is fo«id *0 . 
fit very firmly i^ the sockets of yost candlesticks, (isee 

* ^M^hines to ooiSrmit tl.eso self-^Jing candles 
special a|>plianc9s for moulding the ends, smee it W^^gds SeW- 

rSdUy understood that the inverted* cone forms an impedi- attmg Bna. 
ment in the way of expelling the canmes. ^ j n and J Field, 

Efiward OowleH,who first, made the "h/ buita which ^ 

• employed a casting containing the upper end of • , 



Field’s Self-fitting 
Ead. 


Fig. 65. 
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removed by a clbain and pulley when ^material had set, the caudles 
being then pushed out in the ordinary manner. Since then, however, the ' 
ingenuity of candle-machine makers has brought /prward a* nuipl^r of 
methods for securing a simple and effective device to extract the self -fitting 
ends from the moulds, of which, perhaps, the best at present is that of 
W, E. Hutt, patented in i88i, and shown by Figs. 66, 6y, and 68, wherein 


Fig. 66. 




the moulds fur the butts are cast in'6n© pipce, made up of two halves, which 
by turning a lever are raised in slotted guides so that they come apart 
sufficiently to allow the complete candles to pass up betvaeen them. When 
these are duly clan, )€d, the lever is reversed and the two halves of the 
moulds drop down the clots, comftig close together again on the surface of 
the moulds, which are then ready for another filling. • 

Morane, of Paris, has also effected the desired end, Tmt’ in his case the 
moulds are Casjb entirely in one pieca, a little slot pa«iing from the inside- 
edge of the mould^to the outside of the casting, to enable the wick to come 
through. These castings are formed as bars, having a handle at each end, 
by which they are entirely removed fis they lie flush on the surface of thif) 
moulds. " A slight objection to this paethod is that paraffin being ^ very 
fluid when melted, unless the two surfaces are in actual contact throughout ^ 
it leaks between, and necessitates ’the use of hand labour to subsequently 
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trim the candle. This, however, is ^necessary in any t&sp to a oertain 
extent, owing to the material forming a little wedge in that slot mentioned 
which is lefit for the pa^ge of the wick. 

Fa7icy Candles. — In the great variety of fancy candles that are now in the 
market, there are many forms adaptable to machine moulding, the two chief of 
which are the spiAl or cabled form of candle, and the fluted. The latter pre- 
seifts no special difiicultidfe in raanufactui'e, the moulds being merely grooved 
according to the recpiirements of the candle to be made. Tli ' former, how- 
ever, is.i^ot so easy to arrange for, provision having |o be allowed for extracting 
the twisted candles from the nytulds. Morane’s original patents of 1871 all 
admit of this with much simplicity and efliciency, so much so, indeed, that 
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length to receive Ihe melted grease ^hon the candle is inclined to gutter. 
Such a candle is shown at Fig. 70, and to produce it the tip on the piston 
has a corresponding number of shafts or prongs to thp, channels' to he made 
(usually throe) vertically in the moulds, and these of course rise and 
Fig. 69. ^^e piston. 

Night’Lighta. — A brief description of ,;the machinery employed 
in the production of these useful little lights may well be- included 
in this article. The night-light, as is well known, usually consists, 
of a body of material of the substance which candles 
are made — generally cocoa-nut oil,*t.teai^ne, or paraffin, or Fia. 70. 
mixtures of them — being circular in form, and about i ^ « 
inch across, by 1 1 deep. The wick is very fine^ whereb;^^ 
the light lasts a long time, the general duration being six, 
eight, or ten hours. It is passed through and held by a 
little flat “sustai*ner” of tin or other suitable sulistance, ,at 
the base of the night-light, and the wliolfe either -encased 
in a cardboard cup of con-esponding dimensions, and burnt 
in a saucer containing a small quantity of water, bi* else 
consumed in a glass dish just large enough to hold it, in 
which case no wrter is necese^ry. For many years night- 
lights were entirely hand- made, and a large proportion are 
still so manufactured, the sustainer and wick being secui’ed 
to the bottom of the cup and the molten grease skilfully 
poured ii/up to the brim. With competition and increase 
of the trade, however, it has become iiecessiwy to produce 
a neater and better light in gi*eater quantities, and to this 
end machines have been devised to suit the various forms 
of nigh^-light, whether for decoration or ordinary household 
uses. The framework of a night-light machine resembles 
that for candle-making in that it has a water-tank carry- 
ing a number of hollo\y moulds, and the lights are ejected 
by pistons. Here, however, the resemblance ceases. As 
yet, the night-light machine is not continuous wicking. 

Tlie pistons are ari'anged with pins projecting upwards 
from their centres, and these form passages for the wicks, 
which are introduced subsequently. In the latest form of machine, the 
pistons are capable of being graduated down the mould, to suit the size of 
light to be made, and ,the “ blanks ” (as the cylindrical lumps of made-up 
material are termed), are expelled by means of a lever, instead of the more 
cumbersome rack and pinion inotipn. Otherwise the process is as in candle- 
moulding. The blanks, of which some 120 to 160 are turned out at once, arc 
from thence treated by "hand. The Vicks, already prepared with the sus- 
tainers, are passed through the little pass.ige in the blank left by the pin 
in moulding, and the w'hole put into the cardboard cup. To further sustain 
the wick and securely unite the separate, parts, the wic*k is often passed* 
through the bottom of the cup ancj caused to adhere thereto by the applica- 
tion of a little sealing-wak. * 

A cheap fbrm of this class of candle, known as a “ buck^. 4 ght,” is formed 
of cheap steaane, run by hand into shallow tin cylinders standing on a level 
marble slab, thcbsustainer and wick standing upright in ttte centre, as roughly 
adjusted by eye. These are much used for illuminations in coloured lamps, 
in gardens, &c. 

We are indebted to the editors of ‘‘Engineering” for many of the fore* 
going illustrations, and some of the material for the descriptions. 
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THE PETROLEUM LNDUSTRT. 

HI ♦ 

BOYEBTON REDWOOD. 


CFAPTER I. • 
l-eneral History of Potroleiim. 

• 

One of the earliest descriptive refereaces to petroleum was made by 
Herodotus, who about the year *450 u.c. gave an interesting account of a 
well at Ardernka, thirty -five miles from Su.>a, producing asphalt, salt 
and oil,” the mixttire being drawn from the well in a bucket made from a 
wino-skin, and poured into a. receptacle, when the asphalt and salt became 
solid, and the oil, which was black and had a strong odour, separated. This 
w ’iter also describes one pitch spri#ig*of the Island of Zante, and mentions 
that bitumen brought down by the waters* of the Is and Euphrates was 
employed in the building of the walls of Babylon. Aristotle, about 35cf B.O., 
Strabo, 25 b.c., Pliny, about a.d. 50, Plutarch, about a.d. 66, and others, 
describe deposits of bitumen occurring on the eastern shore^ of the Adriatic 
Sea. Strabo, and Diodorus of Sicily (about 25 B.c.) refer to the use by the 
Egyptians, for the embalming of their dead, of the bitumen found in the 
valley of the Indus, and the former relates how tllis substance rose to the 
surface of the Dead Sea during or after earthquakes. Pliny and Dioscorid^s^ 
also mention the oil of Agrigentum, which was used in laipps under the 
name of Sicilian oil. .Plutarch records thai*a Macedonian, ^ho had charge 
o^ Alexander’s baggage, dug on the banks of the Oxus, and that “ there came 
out oil which differed nothing from ^jatural oils, having the glosse and 
fatness so like as there could be discovered no difference between them.’^ 
The Book of Genesis contains a distinct reference to the use of petroleum in 
the building of the*tower of Babel the word ** slime ” in the English version 
being htrfftaXTOc in the Septuagint and Hitmen in the Yulgate, and there is 
a tradition that the material for*t.he purpose was collected from the so-called 
pitch fountain Q^un EUt on the Euphrates. Notices of petroleum springs 
and gas wells are stat/od to occur in ClflneBe records of great antiquity, and 
there is little doubt lllat natnvd gas Vas employed as fuel tn China cen- 
turies befoi'e the Christian era. The e^tence of petroleum oil and gas in 
Japan has also be8n known for a long j)eriod, and Mr. Lymun, in his first 
if^rt on the Geological Survey of Japan, published in 1877, states ^lat the 
oil welU of Echigo are supposed by the inhabitants to have been dug several 
•hundred years ago. He adds : It is said m*the Japanese history called 
* KokushMyaku ' (I am told) that rock oil (or ‘ burning water ') wras^ found 
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m lichigo in the reign of Tenjitenno* which was 1200 years ago, or about 
A.D. 615, and that was probably at Kusddzu, where thefe are.stfll many 
natural exposures, a^ well as dug wells. The name' 6f the place,' Kus^dzu, 
is the name given in the country to rock oil, and it means ‘ stinking water ’ ; 
and the very fact that the word is by contraction change4 from its original 
form, Kusaimidzu, shows of itself considerable^ antiquity. Natuitil .gas 
even is called Kaza KusSdzu, the first two syllables meaning wi»d or air, , 
and evidently identical etymologically with our very modem western 
word gas.” ^ ^ 

(ribbon lecords that when Heraclius (a.^o. 6 ^ 4 ) wintered at the mouth 
of the river Kura, seventy miles south of Baku, his “ soldiers extinguished 
the fire, and deato'oyed the temples of the Magi.*' This is no doubt a refer- 
ence to the “ eternal fires ” at Surakhani, on the Apsheron peninsula, which 
have probably been frequented by fire-worshippers from the time of 
Zoroaster, who lived not mter than about 600 ^.0. A temple is pow stand- 
ing on the spot, and the petroleum gas issuing frofai the earth can still be 
ignited on the altars. This temple is, however, considered to be of Hindu 
origin and not more than two centuries old. A similar tempie exists in the 
Punjab. 

Marco Polo, who wrote in the thir^eenth century, is supposed to hav& re- 
ferred to the petroleum of Baku, when ho stated that there was in this neigh- 
bourhood an abundant spring of oil, not good for food, but good to burn or to 
anoint camels thai^.liad the mange. In 1436, petroleum from the shores of 
the Tegernsee, in Bavaria, was employed medicinally under the name of 
St. Quirinus’ oil, and in 1640 Francesco Ariosto claimed to have success- 
fully treated cases of itch in men and animals wdth petroleum which he had 
discovered at Mont Libis, in the Duchy of Modena. The natural gas at 
Surakbaiii, already alluded to, was described by Jonas Hanway, in the 
middle of the eighteenth century, as giving a flame in colour and gentle- 
ness not unlike that of a lamp that burnsowith spirit, only more pure, and 
sometimes rising to a height of*eight feet when the wind blows. Tcheleken 
Island, on the opposite side of the Caspian 8ea, was also described by 
Hanway as being peopled when he visited it in 1 743 by thirty-six families, 
who owned several wells of naphtha, and carried on a brisk trade in selling 
the oil to Persians, Turcomans and others, having two dozen large boats 
employed in the transport of the liquid. 

According to Professor Peckham,* the earliest mention of the occur- 
^i^nce of petroleum in North America is dated 1629, though undoubtedly 
tne existence ^d certain uses of petroleum w«re well known to the Indians 
very long heforb. In the year jnentioned, a Franciscan missionary, Joseph 
de la Koche d’ Allion, who had crossed the Niagara river into what is now 
the State of New York,* wrote a ietijer (published^ in Sagard's “ Histoire du 
Canada,” in 1632) in which he described the oil springs and gave the Indian 
name of the place, which he explained to signify “ There is plenty there.”. 
In 1750, the commander of Fort Duquesne wrote to V^leneral Montcalm, 
describing the ceremonies of the^eneca Indians as ending in the ignition, 
by means of a torch, bf the scum which *oovered the surface of a small 
stream flowing into the Allegheny. About the'same pei^od, or a few years 
later, Petei^Kalm published in Sweilish a book of travels,’ in which was a 
map showing correctly the position cm Oil Creek of tiie petroleum springs 
which afierwardsr became so famous! ^ 

In 1765, the English Government sent an embassy to‘’the Court of Ava, 
in Bur^iah, and in the journal of the embassy Major Symes thus refers .4)0 
the petroleum wells on the Yenangyoung Earth-oil Creek ”), a tjibutary 
of the Irrawaddy : ' • ^ 

* Oen^ng Import on the Production, Technology, and Uses of Petroleum. Weahihig^, 1884. 
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“ After pateiiig mious land; and ^iUagea, we got to Ye'nangyonng, or 
Eftrth-ou Creek, ibout two boms past noon. We were infomted tbat the 
celebrate*d wells of jtbtroleum, which supply the whole empire and many 
parts of India with that useful product, were five miles to the east of this 
place. The mouth of the creek was crowded with large boats waiting to 
receive a lading of oil, aijd pyramids of earthen jars were raised in and 
around tlie village, disposed in the same manner as shot and shell are piled 
in fifti arsenal. This is inhabited only by potters, who carry on an extensive 
manufactory, and find ijpll employment. The smell of the oil is extremely 
offensive. We saw several* bhoftsand jars filled with it ranged along the 
bank ; «ome of these were continually breaking, and the contents, mingling 
with thousand, foi^ned a vety filthy consistence.” At this jame there were 
stated to be 500 wells, yielding in the aggregate 90,900 tons per annum. 

The existence of petrofeum in Galicia is said to have been discovered in 
1771, in w^at is now the oil field of Sloboda-Rungdrska, near Kolomea; but 
the crtide oil was no doubt collected in a primitive fashion, long before that time, 
for use as a lubricant, *i,nd as a remedial agent for outward application in cades 
of cutaneous Tlisease. In 1788, Winterl examined a thick black variety of 
petroleum, occurring between Peklenicza and Moslowina, ii^Hungary ; and in 

1791, Martinovich gave an aceountwof a dark-brown petroleum found in 
Galicia. According to Dr. Gesier, the existence ^f asphaltum and solid 
bitumen at Santa Barbai’a, in Southern California has been known 

1792. In 18 1 1, the pitch lake of Trinidad, near the mouth of the Orinotas, 
was visited and described by Dr. NicholaaNugent. Mr. ]?. St. John Fairmaii 
states that the streets of Genoii were first lighted with petroleum fi'om 
Miano, in the Duchy of Parma, in the year 1802. The crude petroleum 
from the locality •was examined by Saussure m i3i7. 

Mr. Charles A. Aahburner, geologist in Ciiarge of the Pennsylvania 
Survey, is of opinion that possibly natural gas was first obtained commer- 
c'ally in the United States at Fr^onia, Ohatauqua Co., New York, where a 
well was sunk on the bank of Canadaway Ojeek, near the main street bridge, 
in 1821, and sufficient gas was obtained for thirty burners, the inn •being 
illuminated with the gas when General Lafayette passed through the village 
about 1824. • 

As far back as 1810, or between that date and i8i8, Hecker and Mitis, 
who owned wells in the Drohobicz district in Galicia, are reported to have 
distilled the oil, and the Alstettering, in Pragve, is stated to have been 
lighted with the product. The refinery which supplied the total require- 
ments of the city in qu*)stion (300 cwts, per annunri was situafed 
at Kabicza, and tjie oil appears to have l^een sold at 35 Jorins per cwt., 
jbut the company which carried on this refinery suspended operations 
in the year 1818. Persian petroleum*wa|i distilledoy Unverdorhen in 1829, 
and a small quantity of solid “fat” (Jitained, and in 1831 Christison and 
Gregory obtained paraffin from Rangoon petroleum. In 1836, the petroleum 
from the Tegern Lake in Bavaria, already referred to as being known by 
the name of St. Quirinus’ oil, was examined by Kobell. 

In 1833, I*rofessor Sillima* published the foUo'^dng account of the oil- 
spring of the ^ei%ca Indians, near Cuba, Now York . * 

“ The oil-spiirg, or fountain, rises in the midst of a marshy ground; it 
is a muddy and diil^ pool of ohout eighteen feet in diam^r. The water 
is covers^ with a thin layer of petrolewm, giving it a fo\*l appearance, as if 
coated with dirty molass^ having a yellowish-brown colour. They collect 
the petroleum by skimming it, like cream from a milk-pan. For^this pur- 
pose thw use a broad fiat boaixi, made thin at one edge like a knife ; it is 
> moved flat upon, and just under the surf&oe of, the water, *and is soon 
covered by a thin coating of the petroldum, which is so thick %nd adhesive 
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that it does not fall off, but is removed by scraping the ipstrumeni; on the 
lip of a cup. It has then a very foul appearance, J|ke very flirty tar or 
molasses, but it is piirifled by heating and straining it while hot through 
flannel or other woollen stuff. It is used by the people of the vicinity for 
sprains and rheumatism, and for sores on their horses, it being in both cases 
rubbed upon the part.” • ’ • 

In 1847, Mr. James Young, whose name is so well known in &nneQtion 
with the Scottish shale oil industry, obtained the right of working^ a petro- 
leum spring in the Bidditigs Colliery, at Alfreto^, in Derbyshire, to which 
his attention had been directed by Mr. Lyon Playfair, now Lord Playfair. 
The supply of the raw material soon became exhausted, and Mr.* Young 
was forced to seek for another source of the products he had manufactured. ‘ 
After the failure in 1818 bf the company formed to roliue petroleum in 
Galicia, no further attempts to develop the industry in that country appear 
to have been made until \he year 1852, when. a person 'named •^Schi'einer, 
carrying on the business of manufacturing cart grease from crude petro- 
leum, collected, when boiling the material, the drops 'of liqi^d which con- 
densed on the cover of the vessel, and took some of the strong- smelling ojl 
to an apothecary <named Mikolasch, who had an assistant of the name of 
Lukasiewicz. The latter ,*'with his cofleague Zeh, treated the liquid with 
sulphuric acid and caustic soda, and found that the refined oil burned well. 
Tlemwed attention being directed to the subject, in the following ydar 
Galician petroleum^was substituted for candles in the lighting of the station 
of the Emperor Ferdinand’s North «llailroad, and in 1854 this oil became 
an article of commerce in Vienna. “ 

In 1854, Mr. Warren de la Rue obtained a patent for a process of 
manufacturing paraffin and other products from petroleum. The crude oil 
with which he experimented was obtained from the Yenangyoung district 
in Upper Burma, and was imported under the name of Rangoon oil. For 
some time afterwards the refining of this material was carried on by Price’s 
' Patent Candle Company and Messrs. Charles Price and Co., bub the industry 
ultimately became unprofitable. 


II. Historical ‘ Account of the Development of the Petroleum 
Industry in the United States. 

The drilling of the celebrated Drake weU in the United States, in 
the year 1859,, marks the commencement of* the rapid growth of the 
petroleum indttstiy in that country. Prior to that event, the supplies of 
crude petroleum had been so scanty that the American mineral oil refiners*^ 
were compelled to employ bituminoug coal as the source of their various 
products. AtiL^ntion had, however, for some time been given to the ques- 
tion of obtaining the petroleum stored in the earth, if umbel’s of wells 
drilled for brine yielded petroleum in small quantity, and one such well 
near Burkesville, Kentucky, drill^ in 1829, produced several barrels of oil 
at intervals of five minu^s, the oil so obtahied being sold in bottles as 
American meflicinal oil. At length, in 1854, a trace of USad 105 acres in 
extent, on what was known os Watson’S Flats, embracing the island at the 
junction of Pifl&and Oil Creeks, was sdbured for the purpose of systematic 
experimental drilling. This propertyVas ultimately leased jbo an organisa- 
tion termed the Seneca Oil Company, -yho employed Mr. Drake to drill an 
artesian well for oil. After overcoming many preliminary difficulties arising^* 
from inexperience, Mr. Drake struck oil” on the 28th August 1859, the 
drill enterifig a cavity in the rook at a ddpth of 33 feet and falling 
six inches. & the following day (Sunday) Mr. William Smith, whb trtth 
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his two sons had been employed in drillings found the bore-hole nearly full 
of a liqwid^ and oji drawing up a small quantity in a tin cup ascertained that 
the fluid wks petrolewn. After this successful result, drflling for oil took 
place with great activity, the operations being, howevdk*, at first confined to 
the valley of the Allegheny and its tributaries. From this date, coal-oil 
refiners began tcf substitute crude petroleum for bituminous coal, and the 
distillation of the latter tnatorial for oil soon ceased to be profitable. In 
j8^5, thS area of the producing temtory was very considerably enlarged, 
wells bejng drilled over a tract of country extending from Manitoulin Island 
to Alabama, and from^Missoujji to central New York. In Pennsylvania, 
oil was also found at Smith’s Ferry, on the Ohio river, in Beaver, and in the 
hill region lying jn the angle formed by Oil Creek and the Allegheny river, 
from Tidioute across to Titusville. Henry gtates that : At the end of 
1 86 1 commenced the flowing- well period, with an addition to the production 
of 6000 or 7000 baiTels a day. The price fell to «o cents a barrel, then to 
15 cents, find tlieh to la cents. Soon it was impossible to obtain barrels 
on any terms, for all the coopers in the surrounding country could not make 
them as fast as the Empire well could fill them. Small producing wells 
were forced to cease operations, and scores of operators became disheartened, 
ard abandoned their wells. The production durigig the &.rly part of 1863 
was scarcely half that of the he dnning of 1862, and that of 1864 was still 
less. In May 1865, the production had declined to loss than 4000 bq^rols 
per day. Commencing at Titusville, in 1859, the tide of development swept 
over the valley of Oil Cieek, a nd along the Allegheny rifer above and below 
Oil City for a considerable distance; then Cherry Run in 1864. Then 
came Pithole Creek, Benninghof, and Pioneer Run; the Woods and 
Stevenson farms^ on Oil Creek, in like succession, in 1865 and 1866; 
Tidioiite and Triumph Hill in 1867, and in the latter part of the same year 
came Shainburg. In 1868, the Pleasantville oil-field furnished the princiinil 
centre of excitemen'' 

Meanwhile, in West Virginia* in Ohio, and in Southern Kentucky, oil- 
fields were developed. In i860, an oldbrinh well at Burning Springs West 
Virginia, that had yielded petroleum, was cleaned out, and tubed, and a 
yield of fifty barrels per day socurec^ Another well drilled shortly after- 
wards to a depth of only 100 feet, flowed as much as loot) barrels per day. 
In .1864 and 1865, a nuinhoi of deeper wells were drilled and a considerable 
4piantity of oil was obtained, ^ ^ 

From 1870 to 1880, the region between Tidioute and Oil Creek gradually 
became of smaller importancu in relation to the entire producing territory 
in Pennsylvania. Wells had previously been drilled neai;*the junction of 
the Clarion and Allegheny rivers, and in f868 a successful well on the hill 
iibove Parker’s Landing ,led to the development of what is termed the 
‘Hower countiy,” lying Butler, Arraffetrdng, and Clarion counties. In the 
meantime, other operators prospecting in a north-east direction from the 
“ upper country ” -of Oil Creek, found oil in the neighbourhood of Bradford, 
in McKean County, and thus commenced the development of the enormously 
productive Bj adford field. In J>ccember^i878, four years after the drilling 
of the first successful well in the Bradford territory, the production of oil 
in that district* a Counted to a daily; average of 23,700 barrels, or about 
four-sevenths of th^^ total daily production of the State o^ Pennsylvania, 
and two years later the Brauiurd fiel(^ produced 63,00^ barrels out of a 
total of ^,215 hfirrels. In a paper read at a meeting of the American 
Institute of Mining Engineers, inf September 1885, Mr. Ashbumer, 
geologist in charge of the Pennsylvania Survey, classified the pitoducing 
territefty in the Sutes of Pennsylvania and New York into the following 
six principal districts : 
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1. Allegheny district, including Eichburg, -with an area of twenty-eight 

square miles, and several small outlying pools in Allegheny County, bring- 
ing up the total area to thirty-one square miles. , . * . 

2. Bradford distinct, embracing the oil-pools in central and southern 

McKean County, Pa., and southern Cattaraugus County, New York, with 
an area of 133 square miles, 121 square miles of which ard’ included in the 
Bradford field proper. ' ^ ‘ * 

3. Warren district, comprising the oil-pools in eastern Warren County, 
and north-eastern Forest County, Pa., with a total area of thirty-fiye- square 
miles, the two largest pools being the Clareodonr in^ Warren County, with 
an area of fourteen square miles, and the Cooper and Sheffield, partly in 
Warren and partly in Forest, covering an area of. nine square miles. 

4. Venango district, with ^n area of sixty-four square miles, including 

forty distinct and well-recognised pools, the largest being that which lies 
between Oil City on the &;>uth and Pleasantville on the north, covering an 
area of twenty-eight square miles. • r ' ** 

^ 5. Butler district, including the oil-pools in Butler and Clarion Counties 
and south-eastern Venango County, the total area bein^ eighty-four square 
miles, of which seventy-six are embi-aced in the Clarion, Butler and Arm- 
strong fields, and the Butler cross-belt. 

6. Beaver district, including the two principal oil-pools known as 
Slippery Bock and Smith’s Feny. The former pool, and that portion of 
the mtter east of the Pennsylvania State line, cover an area of about 
sixteen square mile^. 

Mr. Ashburner added that outside these limits a small amount of oil 
had been found in isolated pools at the soutn and south-east of the Beaver 
and Butler districts ; at Mount Nebo in the vicinity of Pittsburg; in the 
neighbourhood of Pleasant Unity, Westmoreland County ; near the mouth 
of Dunlap Cieek in Fayette County; along Whiteley Creek, west , of 
Mapletown, and along Dunkard Creek, north of Fairview , both in Green 
County, and in the vicinity of Wash^n^on, Washington County. The 
“ small amount ” of oil found in®the last-mentioned locality was not at first 
considered to be an indication of much promise, but the principal feature of 
interest in the production of petroleuqi in Pennsylvania during the year 
1 886 was, nevertheless, the rapid development of the Washington field. In 
December 1884 ^ w®ll diilled on the Gantz farm, near Washington 
(Washington County), by the Citizens’ Fuel Company, for the purpose of 
obtaining natural gas to be used as fuel. At a depth of 2200 feet, oil, and 
not gas, was obtained, "but the yield was not considerable. In August 1885, 
the famous Gordon flowing well was completed,' and renewed attention was 
directed to the field. In March 1886, the Pew and Emerson “Manifold ” 
well, and in the following month the Thayer well,, the latter flowing 2006 
barrels per day, aflbrded indisputable evidence of the richness of the field, 
and during the month of August thb production reached its maximum of 
about 16,000 barrels per day. After that period the production steadily 
declined, and for the year 1887 was only 4800 barrels per day.* 

The oil-belt running .through the principal producing territories named 
lies on a line extending in a north-easterly and south-yesterly direction/ 
this line being termed the 45° line. See Map (Fig. 71). 

The chief event of recent years in the history of the petroleum industry 
of the United States has been the remarkable development of the Ohio oil- 

* A few miles due north of the Washington field, and on the borders of Washington an^ 
Allegheny (.Counties, lies the recently developed McDonald field, the very productive character 
of which has attracted so much attention. This field, with an area of not more than 2000 
acres, was prtdudng in October iSgt between 50,000 and 60,000 barrels of oil a day. One 

well yielded as much as 15,000 barrels a day^ 
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fields. Prior to^ 1885, the production of that State was not very lar^e, 
though it had been growing steadily during the previous^ ten yoa^?^ i 
1885 the drilling of wells proceeded with great activity and the yield has 
increased to enormoais proportions. Petroleum is fouhd both in the eastern 
and in the western portions of Ohio, but it is in what is known as the Lima 
district in the north-western part of the State (see Mapj 7 ^)> 
the principal production occurs. This oil unfortunately contains sulphur 
compounds which are extremely difficult of removal, and it is therefore not 
a satisfactory source of kerosene, but it appears to be well adapted for use 
as liquid fuel, and is very largely employe^ for that purpose. " 

In We it Virginia, a heavy description of ' petroleum, extensively employed 
as a lubricant, has long been obtained, but during recent^ years lighter oils, 
yielding kerosene, have also been found. 4. 


Fig. 72. 



Kentucky and Tennessee have for some time past » been included among 
the petroleum-yielding States, though the quantity hitherto obtained Has 
Ibeen small; and in Colorado Ifhere is now a production which exhibits 
promising growth. Indiana, Illinbis, Kansas, and Texas have also com- 
menced to contribute to the total production. • 

Petroleum has been met with in many localities along the coast range of 
mountains in Southern Oaliforiwa, but Ventura, Los Angeles, and Santa 
Barbara appear to l)e the most productive counties. Tl^e oldest wells are 
situated in Pico Canon, San Fernando Mountain, about sk miles west of 
Newhall in Los Angeles County. Ttie existence of oil Jin this canon is said 
to have been Icnown to one Andreas Pico for some years prior to 1857, but 
no drilling appears to have been done there until 1869, ^en the Kco well 
was drilled. The active development of the field was commenced in 1875, 
and the’-area defined when the writer visited the canon in the autumn of 
1886 was about two miles by ,a quarter of a mile. At this period there were 
sixteen we|ls, daily producing in the aggregate about 500 barrels oi forty-' 
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two American gallons. None of the wells drilled since 1875 had become 
exhausted, the least productive of the wells yielding from five to seven 
barrels per*day, while* one (a flowing well drilled four or five years pre- 
viously) was stated to furnish as much as forty barrels daily ; with the excep- 
tion of this one, all the wells were pumped. The earKer attempts to obtain 
petroleum in thi# district had been made by driving tunnels into the moun- 
tahi, and from one of thise tunnels oil was flowing in small quantity at the 
time of tne writer’s visit. The various deposits have been described with 
much nynuteness by Professor Hanks, formerly mineralogist to the State of 
California, in his fourtfc annuli report (dated 1884) to the State Mining 
Bureaji. ^ 

The Governor of Wyoming stated in 1885, in his annual report to the 
Secretaiy of the Interior, that extensive oi^-basins were* situated in that 
territory east of the Wind River and north of the Rattlesnake range of 
mountains, the principal deposits being apparently located in Fort Washakie, 
Lander, Shoshone, Beai er* Creek, Big Horn, Rattlesnake, Seminole, and 
Laramie ranges. • 

The following statistical details relating to the petroleum industry in 
the United States are from a Census bulletin prepared by Mr. Jos. D. 
Weeks, special agent in charge oj statistics relating •to petroleum and 
iiatui*al gas, under the supervidon of Dr. David S. Way, special agent in 
charge of the Division of Mines and Mining of the Census Office, and issued 
by the Department of the Interior, Washington, D.C., May 16, ^891. 
The statistics show that petroleum was produced in eleven States in 1889 — 
viz., Pennsylvania, New York, Ohio, West Virginia, Colorado, California, 
Indiana, Kentucky, Illinois, Kknsas, and Texas. The total production was 
34,820,306 barrels (of 42 American gallons) valued at $26,554,052. Of the 
total production, 109,891 barrels were disposed of for lubricating purposes 
(only natural lubricating oils, however, being included under this head), 
12,330,813 for fuel and 22,379,602 for illuminating purposes. Nearly the 
entire amount produced in Califbrifia, Indiana, and Ohio was used for fuel, 
while nearly the entire amount produced in Colorado, New York^ Penn- 
sylvania, and West Virginia was used for illuminating purposes. 


Production of Crude Pelroleum in the United States iVi* 1889, hy States, 

Barrels of 43 American 
Gallons. 


Pennsylvania and New York* 
Ohio ..... 
West Virginia • 

Colorado .... 
California* • . . . 

Indiana .... 
Kentucky . T . . 
Illinois .... 
Kansas .... 
Texas . « . 


21,4S6,403 

12,471,965 

358,269 
/ 316,476 

147.027 

32.758 

5.400 

1,460 

500 

48 


34,820,300 

• • • 

• In tills statement the prodt^tion Penns^vania and that of New York are united. The 
Bradford (Pennsyl- ima) and Allegheny (New York) fields are regrirded as one in petroleum 
reports. Of the 31,48'^, 403 barrels proauced 4 n Pennsylvania and New York in 1889, 7,1^8,362 
bf^els were produced m these two districts, * The Bradford district lies partly in Pennsylvania 
and partly in New York. The coi. u.tion and shipment of its product by ^pe lines are so con- 
ducted th^ it is almost impossible to determini the respective quantities produced in the two 
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Prodmtion of Crude Petroleum for 1889, Claadfied according to Uses. 


States or Districts.^ 

* 


In n irrela of 4a American (;:allons 

t 

Illuminating. 

Lubricating.* 

Fuel. 

Total. 

Pennsylvania and New York 

21,393,160 

93,213 


21,486403 

Ohio 

317,037 

1,740 4^ 

12,1 153,188 

12,471,965 

West Virginia 

345.36<^ 

12,900 


* 358,269 

Colorado .... 

316.476 

— 

— 

316, 4J6 

1 California . . . , 

2,160 

— 

144.867 

,147.027 

Indiana 

— 

‘ » — ' 

32,758 

32.758 

Kentucky ... ; 

5.400 ! 

— 

— 

5,400 

Illinois . . . . ; 

— 

' 1,460 

— 

"1,460 

Kansas ^ . . 1 

— 

500 

- i . 

500 

Texas . . . . 1 

, ~ 

4S ^ 

— ! 

• 48 

t 1 

22,379,602 

109,891 

12,330,813 

34.820,306 


• Value of Petroleum produced in 1889. — The following table shows the value 
of the different kinds of petroleum produced in the Cens-ut year, by the 
several States, and the total value of the jietroleum produced in the United 
States : * o «. 1 

Value of the Crude Petroleum produced,^ according to Uses. 


States or UUtriots. 

0 

For 

Illuminating. 

For 

Lubricating. 

For Fuel. 

Total Value. 

Ponn.sylvania and New York 

b 

23,225,460 

267,989 



23,493,449 

Ohio 

340,683 

’10,558 

1,822,978 

2,174,219 

West Virginia 

344,868 

34-775 

— 

379,643 

Colorado .... 

278,240 



278,240 

California .... 

7,600 

— 

186,462 

194,062 

Indiana .... 

— 

— 

21,293 

21,293 

Kentucky .... 

5,400 

— 

_ 

5,400 

Illinois 


1 ‘ 4,906 

— 

4,906 

Kansas .... 


2,500 


2,500 

Texat 

— 

1 340 

— 

340 

Total 

$24,202, 25 If 

1 

I $321,068 

$2,030,733 

$26,554,052 


Production by States . — In the following table is given the total production 
of crude petroleum in the United States in 1889, by States and Districts. 


Prodxjbction of Crude Petroleum in 1889, by States and Districts. 


. States and Districts, 

Pennsylvania and New York : '' 

Bradford District, Pfinnaylvania, anc^ Allegheny County, 
New York . ui . 

Forest County ... ^ . 

Warren County 

Butler and Clarion Counties, kv 

Tidioute and Titusvjjle . ■ , . 

Allegheny County . • q • 

Beaver County . . . . . » . 

Washinrtftn County 

Greene County , . 

Franklin District 

Smith’s Feny District . . . ' . 

Ohio : ^ 

Lima 

Maclttsburg . . . * 

Mecca and Belden . . 


Barrels of ae Ainericau 
* GaiioDB. 

t 

7 J 58.363 

258-955 

2,347.434 

<5,358,403 

885,119 

541,092 

602,736 

5,848,145 

392.912 

64,244 

29,000 

, 21,486,403 

12,153,188 ft 

317,037 

1,740 '■ 


J247I,965 


Only natural lubricating oils included under this head. 
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Stttef And Dlfltrlots. 

• • * Brought forward 

West Virginia t * * 

Southwest 

Volcano 

Burning Springs* 


I. 
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Bsmla of 4a AmoricAu 
Oalloni. 

• 33.958.368 


284,269 

71,500 

2,500 


Colorado 
California . 

Indiana - • 

Kentucky . 

Illinois 
Kansas • . 

Texas . . ^ 


358,269 

316,476 

147,027 

32,758 

5,400 

1,460 

500 

48 


• Total .... 34,820,306 

• 

In the table oh p. loB will be found consolidated the statistics of the 
production of petroleum in tho various States of the United States from the 
beginning of operations in these fields, so far as the same could be ascer- 
tained. 


The stocks of crude petroleum on December 3^ 1888 jftid 1889, were as 
foUSws; ' 


States. 

Barrels of 43 American Gallons. 

^Dee. 31, i888. 

Dec. 1889. 

Pennsylvania and NcAr York 

18,99^,814 

11,562,594 

Ohio 

IO,lCii,8d2 

14,4*5.997 

Colofddo .... 

13,002 

36,034 

Kansas .... 

240 

150 

Illinois .... 

110 

100 

Texas .... 

• • 

6 

48 


Exports of Oil . — The following table sfiows the number of Aniprican 
gallons of petroleum and petroleum products exported in the years 1888, 
1889, and 1890. • 



1888. 

1889. 

1890. 

Crude . 

Naphtha 

Illuminating 
Lubricating ^ . 
Residuum . 


77,387,796 

13,466,234 

451,964,143 

24,280,826^ 

1,861,104 

m. 

• 

83,991,196 

13,958,680 

548,395,73* 

27.V54.239 

1,838,694 

95,365,765 

12,406,586 

.547,542,569 

• 31,886,146 
1,828,9(30 

Total . 

. 

568,96(^105 

675.938.540 

689,029,966 

Value . 

• • 

$47,649,345 

$52,793.24, 

$51,656,677 


The drilling of a gas well at Fredonia^Ohatauqijp, County, N.Y., in 1821, 
has already l^n mentio^^ed. * In 1858, another well was djfilled in this 
locality, which*, applied 200 burner^ and in 1871 a still larger well was 
drilled to a depth of 1200 feet. Mr, E. J. Orissey, secretary of the Fredonia 
Natural Gas Light t^ompaii^ , states tliat the average monthly yield of these 
we^ in *1880 '\jraa 110,000 cubic fedt. For many yefirs past systematic 
drilling for gas has taken place, and immense quantities have been employed 
as fuel— notably in Pittsburg (see Chemical Technology, vol. i,, “ Fuel,” 
p. 2S&et seg.). The natural gas companies hfigre, however, found jt impossible 
to obtain adequate supplies, and many manufacturers have had to revert 
to the lUe of other fuel. * . 
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WDVBTkY IN EUSSIA, 


IlL Htstorioal Account of the Development of the Petroleum 
. • Industry in Eussia* 

Upon the annexation of Baku by Eussia, in 1801* the monopoly of 
the production of ^troleum was granted by the Government to a refiner 
named Meerzoeflf. This anjngement lasted until 1872, when the monopoly 
was abolished and an excise duty upon all petroleum raised was imposed. 
Accoitting to the late Mr. Marvin, from 1821 to 1825, Meerzoefl* paid the 
Government 131,000 roubles revenue, and afterwards, up to 1839, from 
76,000 to 97,000 roubles a ;^eai*,»or, at the rate of the silver rouble then 
prevailing (ranging between six and seven roubles to the pound sterling), on 
an average about 10,000 to 2,000 sterling. During this period the 
production of crude petroleum rose steadily to more than a million gallons. 
The output from 1832 to 1849 (when there were about 140 pit-wells in 
operation), -v^as as ftillows : • 



PuudB.* 

• 

Poods. 


Poods. 

1832 

261,000 

1838 

340,554 

1844 

328,280 • 

1233 

^00.000* 

1839 

358,357 

1845 

327,167 

1234 

346,109 

1840 

337,010 

1846 

332,854 

1235 

352,720 

1841 

• 326,695 

1847 « . 

316,850 

*836 

352.862 

1842 

• # 329,578 

• 1848 

288,112 

1837 

344.147 

1843 

. 327,802 

1S49 

255.476 


Between 1850 and 1863, petroleum yielded a revenue of 1,195,000 roubjps. 
From the latter j^ear to 1867 the average revenue yearly was 162,000 roubles ; 
and afterwards, uiitil the abolition of the* monopoly and substitution of an 


as follows 

Po<^s. 


Poods. 


Poods. 

1S63 

, 340,000 

1867 

998,905 

1870 

. 1,704,465 

18O4 

. 538,966 

1808 

735,764 

1871 

• 1,375,523 

1S65 

1866 

554,291 

. 601,820 

1869 

• 

. 1,685,229 

• 

1872 

• 1,537,600 

111 187 

2j ibo number of pit- wells had beemincrcased to 41 5, and two v 


had been drilled. • 

After the abolition of the monopoly, Meerzoeff for a time maintained his 
supremacy in the trade, but, in 1873, fhe Kdialify Company struck a flowing 
well, and thus obtained the largest supply of the crude material ; and a year 
later the Transcaspian Trading Company took the lead in the business. In 
1S75, Dudwig Nobel and his brother itobert-inaugurated a new 

era in the Russian petroleum business, by the introduction of improved 
appliances for producing, traneporting, and refining the oil. ^ * * 

During the excise duty period, the output of crude petroleum was as 
foHows; 


Poods. 

3.968.000 

4.836.000 


• Ponds. 

• 5,8?:8,ooo 
t2, 028, 000 


Poods. 

I2,0U0,000 


At the end of this period, the number of drilled wells had been increased 
to 130. • 

In 1877, excise duty was g-emoved, ^d from that time the production 
of crude petroleumjhas, according to the official statistics, been as follows : 

Pood/. • Poods. Poods. 

1878 . i5,ooo,(vo 1883 . .60,000,000 1887 165,000,000 

1879 , 21,000,000 1004 . 00,000,000 1888 .* 192,600,000 

1880 •, 25,<x>o,ooo 1885 . 116,000,000 1889 • . 205,500,000 

1881 . 40,000,000 1886 . 450,000,000 1890 . 239,000,000+ 

• 1882 . 50,000,000 

• i POod = 36.112^ ibs. av. 

f t Of this amount more Iban iSJ million poods were proonoed in tho Bibi-Eibat fteld (see Map, 
El^. 73), asid more than million poods in the Romany field (see Map Fig. 73), ^e remainder 
being the produce of the Balakhany-Saboontchi field. ^ 
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When the writer visited Baku in the tutanm of 1884, there were about 400 
drilled wells in the district, of which only about 100 were, however, yielding 
oil. At the* end of the year 1889 there were 261 producing wells. 

The Balakhany and Saboontchi oil-fields (see Map,* Fig. 73), which are 
classed together, have an area of about four square miles, and lie at an 
elevation of 175 ^eet above sea-level, about eight miles north-east of the 
town of 5 aku. A number of wells have also been successfully drilled in 
the •neighbouring districts of Komany and Binagudi; and in the Bibi- 
Eibat field, two or three miles south of Baku, son^ of the most productive 
wells have been drilled.* Petroleum also occurs at Surakhany, about eleven 
miles nprth-east of Baku. The positions of these districts are shown on the 
map of the Apsheron peninsula, Fig. 73. In many localities between Baku 
and BatSum, petroleum is met with, and in Abe Northern Caucasus there 
has been a steadily growihg production for several yeais past.* To the 
southward of Baku petroleum gas rises through thft sea, and in Holy Island, 
oil* the norlh-eastem coast of the peninsula, oil-springs occur. Petroleum is 
also found on the Ti*^nscaspian mainland, as well as on the island of TclTe- 
leken. *’ 

• The Kouban oil-fields, 47 miles iu a direct line inland ^rom the port of 
Nc^nrossisk on the Black Sea, liavc^ been knov^n for many years, and the 
crude petroleum had long been n^cd by the Cossacks as cart-grease before 
Cqlonel Novosiltsolf, who had been granted the monopoly of the Koqjbaii 
petroleum industry, commenced drilling for oil at Illsky, During the years 
1873 tf> 1875 nine wells were completed in this district, but the yield of 
petrolcmi' was comparatively snyill, and Colonel Kovosiltsoff shortly after- 
wardb found himself in financial difliculties. In 1879, a lease of the greater 
part of the property was granted to Dr. Tweddlc, whose rights were subse- 
quently acM^uired by the Standard B-nsse Petroleum Company of Marsfulles, 
XJp to 1886, 69 wells had been drilled at Illsky, all but one of which are 
stated to have yielde . oil ; and Colonel C. E. Stewart visited the field 
in the autumn of that year, firteeii of tljese were producing. North of 
Illsky lies the petroleum field of Koudako, where Colonel Novosiltsofi* con- 
ducted some experimental drilling in 1866. This property is now owned by 
General DourassoiF. Ten wells have^een drilled here, and four are said to 
yield oil. Ono of the tii’st wells completed is stated to lllive spouted with 
violence, and to have thrown np a very large quantity of oil for a short time. 

A large number of wells have been drilled ®in th® neighbourhood of 
Kertch, but seem to have produced but little oil. , 

• • 

IV. Historical .Account of the Development of the Petroleiun 

• ^Industry Canada. 

The development oi the oh torijtory of Canada dates from 1857, 
when a well dug for water was found to yield a quantity of petroleum, but 
it is stated in HenVy’s “ Early and Later History of Petroleum " that from 
the time of the earliest settlements in the county of Lamberton, in the 
western part of the province of Ontario :* ‘‘ A dark? oily substance had been 
-observed floating cm the surface of the water in the creeks and sVamps. No 
matter how deep tht^ wells were dug,»the water was brackish and ill-smell- 
ing, and in some localities to^ ally unfit for use ; while a sitrface of black 
oily slime frequently arose, an inch thick, as cream rises oit milk. Here and 
there in the forests the ground con|isted of a gummy, odoriferous, tar- 
oaloured mud, of the consistence of putty. These places were known by 
the nay[ie of gum-beds, and in two or three instances were of considerable 
aatent.” • * 

• In tbs Goniia district, north of Batoum there *are promisiiig indications of petroleum which 

are attra/iliinD' a.ffcTiftnrk ' • 
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In 1862, flowing wells of remarkably productive character were struck 
at Oil Springs, but the wells, which were of comparatively litt\© depth, 
quickly became exhausted, and in 1865 the discovery of oil 'at Petrolia, 
seven miles to the 'northward, and about sixteen miles south-east of the 
outlet of Lake Huron, caused the Oil Springs territory to be deserted. A 
few years later, however, tlie wells at Oil Springs, were drilled deeper, and 
at the end of the year 1886 were producing io,ocfo to 12,000 baij-el's (of 42 
American gallons) per month. Petroleum has also been found at Bothwell, 
thirty-five miles from Oil springs, and after^his district ceased tp- yield, a 
new territory was discovered at Euphomia, spventeefi miles from Bothwell. 
Here, at the time of the writer’s visit to Optario in the autumn of 188^, there 
were four wells, producing collectively 70 barrels per day. The producing 
oil-belt may thus be said to h^ve extended from Petrolia, in a north* westerly 
direction to the township of Sarnia, and in a south-easterly direction to Oil 

Springs, but in the latter 
direction iho extension was 
apparently not continu- 
ous. The geographical posi- 
tion of the territory will be 
seen on reference to Jtke 
Map (Fig. 74). In all, about 
7 5,000 wells were estimated 
to have been drilled in the 
Canadian oil-fields up to the 
time of the writer’s visit, 
and of these about 2500 
were producing, the average 
yield being about three- 
quarters of a barrel per well 
per (lay. The aggregate 
production is about 700,000 
barrels per annum, the 
greater j)art of which is 
obtained from the Petrolia 
district. 

V. The Galician Petroleum Industry. 

“ The discover)" of petroleum near Kolomea, in what is now the Sloboda- 
Rungurska oil-field, was made, as has been siated, in 1771, when a well 
drilled for* brine was found to yield petroleum in sm^ll quantity. Th,is 
historic well was deepened in i8^p aud 1865 by digging, and in 1875 and 
1884 by drilling; the yield being tfim finally increased to ten barrels a 
day. In 1881, the active development of the district commenced, and 
in 1883 the field was reported to be yielding 550 barrels of crude oil per 
day within an area 150^) metres in length, and 350 to 500 metres in 
breadth. The Sloboda^Bungurs^ field wgs for a time the most pro- 
ductive of the Galician oil territories, the production atwone period having 
increased to over 1600 barrels per dry, but when the "writer visited the 
field in the autqmn of 1887 theyield4 had decreased tp about 800 barrels 
per day, notwithstyinding that considerable activity was still displayed in. 
the drilling of new wells. Previously to the decline in •the pro^duction of 
the Sloboda-Rungurska field, attentioh had been directed to the developmeoJb 
of the deposits in central and western portions of the belt of petroliferous 
territory, and many highly productive oil-fields have thus been established. 
Not far from the western en(il lies the Bobrka district, where the petroleum 
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industry of Galicia may be said to hav^ had its birth, for it was from this 
locality that the crude petroleum was obtained which was successfully 
refined by Lucasiewicz^ki or prior to the year 1854. On the Bobrka field, a 
stone obelisk has been erected by Messrs. Klobassa and Tszecieske, the 
owners of the property, bearing an inscription of which the following is a 
translation : — “ To commemorate the founding of the petroleum mine in 
Bobrka in ^he year 1854 Vy Ignacy Lukasiewicz. 4th Nov ember, 1872.” 
The area within whicli the princijjal petroleum deposits of Galicia are believed 
to lie has-<i lengtii of about 220 miles, and a breadth of from 40 to 60 miles, 
the “belt"’ running in a gefiera 4 south-easterly and north-westerly direc- 
tion, as ihowii in the Map (Fig. 75)* 

^ * Fig. 75. 



In the following table the quantities of crude petroleum produced in and 
imported into the kingdom of Austria-Hungary during the yeara 1883-90 
are given. The figures are from official sources^ but %he production is 


believed to be largely understeted. 


Year, 

Production of 
Au 0 tria»Uungary. 

1 ir ported into 
Austria-Uflngory. 

Consumption. 


Ilarroin. • 

fjnrrds. 

Barrel*. 

1883 

166,500 

^ 5 ’ 06 o 

901,560 

1884 

233,000 

’ ^ 9,735 

1 , 132,735 

i 88 s 

333,000 

937,345 

1 , 270 , 34 '? 

1886 

433.000 1 

858,976 

1 , 291,976 

1887 

532,000 1 

388 , Ao 
, 8 oI ,^5 

920,110 

1888 

665,000 

• 1 , 466,715 

1889 

746,000 ^ 1 

930,191 

1 , 676,191 

1890 

• *€ 16,000 

867,831 

1 . 683,831 


The principal seat*of the ozokerite tnining industry is at^oryslaw, but 
the material has also been mined to a smdll extent at Dwinfticz and Storunia, 
which lie to the south of Stanislaw. TJie industry has existed for the past 
thirty years, and the annual production of ozokerite in Austria-Hungary 
during the past fourteen years according to pfficial records ha^ been as 
follows, but it is well known that the actual output has been greatly in 
excess of the figures given : — 
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Year. 

Metre-Centners 
of 100 kilos. 

Ysar. 

Metre-Centners 
of too kilos, e 

1877 

« 89,610 

x884 

• 1 • 
119,669 

1878 

103,420 


130,258 

1879 

90,666 

1886 

y9,254 

1880 

105,270 


80,500 

1881 

106,491 

1888 ‘ 

87,800 . 

1882 

99,300 

1889 

75,600 

1883 

m6,299 

1^90 

61,699 

tl 


VX. General Geographical Account of Petroleuir, and Detailed 
Heferences to Petroleum Deposits of Minor Import^ce. 

Professor Peckham^ states that petroleum, in a solid, liquid or gaseous 
form, occurs : — r ' ‘ 

• “On the American continent along a line extending from Point Gaap4, 
in Canada, to Nashville, Tennessee, and in Europe- As5a along a line extend- 
ing from Hanover, on the North Sea, through Galicia, the Caucasus and the 
Punjab. These are the principal lines. In America it also occurs on the 
Pacific coast, from the Bay of San Francisco to San Diego ; again, fiom 
Northern Nebraska to the mouth of the Sabine River, on the Gulf of 
Mexico; again, from Havana, near the western end of Cuba, through Ban 
Domingo, and tha circle of the Windward and Leeward Islands, to Trinidad ; 
thence westward on the mainland’ to the Magdalena River, and southward 
from that point to Cape Blanko, in Peru. In Europe- Asia, bitumen occurs 
on the lower Rhine, and in the valley of the Rhone ; from Northern Italy, 
following the Apennines, to Southern Sicily ; along the eastern shores of the 
Adriatic, through Dalmatia and Albania, into Epirus; again, along the 
depression in which lie the Jordan and the Dead Sea ; again, along the 
mountains that border the valley of the Tigris in the east ; again, from 
Western China, through Bui^mah, Pegu, Assam, Sumatra and Java; and 
lastly, in Japan. It will be observed that these lines are, for the most part, 
intimately connected with the principal mountain chains of the world.” 

Of the European deposits of petroleum, by far the most important are 
those in Russia, of which a detailed description has already been given in 
the historical account of the Russian petroleum industry. Next in order of 
importance come ^he Galician deposits, which have also been described. The 
<* Roumanian petroleutn deposits, which are situated in North-east Wallachia 
and in Southexm Moldavia, have attracted less attention than the Galician 
deposits, but are nevertheless o-f considerable potential ‘importance, though 
the production has not hitherto been large. Pejiroleum also occurs in tne 
Bukowina, Transylvania and Hungary, as well as in Dalmatia and Albania. 

In Germany, petroleum has been obtained commercially for some years 
past at Oelheim, and at Wietze-Steinforde, in the neighbourhood of Han- 
over,. Latterly a considerable amount of drilling has been done in Elsass, 
where petroleum has Jong beer known to occur at Schwabweiler, Pechel- 
bronn and* Lobsan, and a productive oil territory has been opened up. 
Petroleum is also met with along the Eastern Vosges, and on the shores of 
the Tegemsee. 

In Northern Italy there is a petroliferous territory extending from the 
south of Milan t6 the south of Bologna, and in the district which lies imme- 
diately south of Piacenza productive wells exist. The petroleum found at 
Miano has already been referred to in the general history of petroleum. 'Iii 
Southern Jtaly and in Sicily, the oil is also met with. 

* Genstts Heport on the Frodnution, Technology, nnd Gbob of Petroleum. Washington, i8a4* 
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In France, indications of petroleum occur near Clermont and Grenoble, 
as well as in Bdsses Pyr^n6es. 

In Sp^in, petroleuiA* has been found near Burgos, and is also stated to 
occur near Seville. 

Wells have boe^^ drilled in the island of Zante near the historic pitch 
spring,” referred to in the gpneral history of petroleum as having been men- 
.tioned by filerodotus, but petroleum has not been obtained hitherto 
ill th!s locality in sufficient qua^jtity to render the enterprise profitable; 
the wells '^lave, hovv<*ver^ not Ix eii carried to an;^ great depth, and the 
oil-bearing character of the stn^ta has, therefore, probably not been suffi- 
ciently tested . • 

> The ocgi.rrence petroleum in a coal-mine in Derbyshire has already 
been referi^d to. The oil h§,8also been found in^^he coal-measiires in Shrop- 
shire, Lancashii’e, Staffordshire, and elsewhere ; in ^ shale mine at Broxr 
burn, Linliyigowshire ; in limestone, near Bristol; and in a peat bog at 
Down Holland, near Ormskirk. The indications of petroleum at Down, 
Holland were thus des^dbed by Messrs. Binney and Talbot in a paper read 
before the Manc^liester Geological Society in 1843 ; 

The wliole of the moss is in cultivation, either under t>ie plough or in 
grasu*, and has been so for at lotus t lorty t)r fifty yeai%, and all, or the greater 
portion of it, lies at a lower level iJian the high-water mark of the sea at 
Formby. Gn approaching the place where the peat containing the petroleum 
occurs, from Down Holland, the authors soon became awarg of its presence 
by an emjtyreumatic smell, resembling tha* yielded by Persian naphtha, and 
the water in the ditches wjus also ooated with a thin fi% of an oily irides- 
cent fluid tliat floated upon its surface, in walking over some oat stubble 
lields, and thrusting* their heels through the black Oecemposed peat forming 
the soil, they felt a hard pitchy mass of three or four inches in thickness, 
which yields no smell unless it is burned. On exposure to the atmosphere 
for V time, the pitchy matter lost tl^i gimter part of its inflammability, and 
was finally couvei'ted into blacjk mould. This ftubstance also occurred under 
the roots of the grass in old sward fields, but it then yielded an 0(>)ur 
similar to the petroleum that floated on the surface of the water, and per- 
vaded the moist peat.” • ^ 

In Asia, petroleum occurs in Asia Minor, in Persia, in Upper and Lower 
Burmah (including the Arakan islands), in Assam, in the Punjab, and in 
Baluchistan, in Siam, in China and in Japan, as w^ll as fn the islands of 
the Indian Archipelago. • , 

The oil fields of Twingaung ^md Beme, from which the so-cajled Kangoon 
oil w as originally obtained, are .situated in Upper Buroiah abJut a mile and 
a h*lf to the east of Venaugyoung on the river Irrawaddy. From a report 
by Dr. Fiitz Noetling, Paleecftitologist, Geojogipal Survey of India,* it appears 
that the fields are of the respective areals of ninety acres and thirty-five 
acres, and are about half a mile apart. In the Twingaung field, in April 
1888, there were 37$ w^ells, of which 166 were wholly unproductive, and of 
the remainder only 120 produced more than ^ viss per day (i viss = 3.67 lbs. 
avoirdupois). The maximum yield of a single well \^as 500 viss per day, 
and the majority the wells produced from 20 to 100 viss per day. 
The total daily production of this field ^as 12,000 viss. At the same date 
there were 15 1 welle in the Borne ^eld, of which 79 were wholly 
unproductive and of the remainder omly 50 produced «more than 20 
viss per diem. The*maximum productior^ of a single well was not more than 
1631 viss, and the total daily production of the field was 3658 viss. All 
the wells ^vere sunk by the primitive method of digging adopted^ by the 

• * Beport on the Oil Fields of Twingaung and Beme, with a Map and a Plan of Geological 
Sections, Btftgoon, June 1889. 



JBtirmese, The maximum depth oi the welhi in the Twingaung field did not 
exceed 310 feet, and in the Berne field 270 feet, but Ihe n^ajocity of the 
wells in both fields were still more shallow. In the oil-field of’Kodoung, 
which lies between Twingaung and Berne (see Sketch Maps of Oil P^elds of 
India, No. IV., Plate), a considerable number of wells h^e been drilled with 
modern appliances, and some of these have yieldj^d largSy. Petroleum also 
occurs in Upper Burmah, north of Pagan, on the opposite or Test bank of, 
the river Irrawaddy, about fifty miles aboije Yenangyoung (see Sketch Maps, 
No. Ill,), as well as in the Yaw country, west of P^gan,and in the" Chindwin 
Valley, north of Pagan ; also at Minbu, abbut eighteen miles below Yenang- 
young, on the west bank of the IrraWaddy. In Pegu, petroleum is found 
at Padaukpen, west of Thavetmyo, lower down’ the rivef; and at Yenatoung,, 
west of Myanoung, still further south. In the Arakan islands, ^troleum is 
obtained in the Baraiiigas, Kamri and Cheduba (see Sketch Maps, No. II.). 
In Assam, drilling for petroleum has also been successfully prosecuted to' 
rthe eastward of Bibrugahr (see Sketch Maps,' No. V.). The oil has also 
been met with in the Punjab, near Rawal Pindi (s^ Sketch Maps, No. I.), 
as well as further north, near the Khyber Pass ; and in Ba'iuchistan several 
very producti\lj wells have been drilled at KhAtan, in the Mari hills. 

In J ava and Sumatra, the oil, "^hich issues from natural fissures or arti- 
ficial excavations, has long been an article of commerce among the natives, 
dad in both islands productive wells have recently been drilled.* PetroJeum 
has also been f^und in the north of the island of Labuan, and is reported 
to exist in north Central Borneo'. 

The petroleum wells in China are ir the province of Sse-tchouen, and 
are thus described by L’Abbb Hue : 

“ When a salt well has been dug to a depth of 1000 feet, a bituminous 
oil is found In it that burns in water. Sometimes as many as four or five 
jars of 1000 pounds each are collected in a day. This oil is very feetid, 
but it is made use of to light the .sheds in which are the wells and the 
cauldrons of salt. The mandarins, by order of the prince, sometimes buy 
thbusands of jars of it, in order to calcine rocks under water that render 
navigation perilous." 

Natural g«^s is also largely used ’in China for heating purposes. 

The petroleum deposits and petroleum industry of Japan have been 
described in detail by Mr. Lyman (Reports on the Geological Survey of 
Japan). In 18)7, thAe were, according to Mr. Lyman, in the Echigo oil- 
• fields, 522 producing wells, yielding in the aggregate about 9500 barrels 
of crude oil per annum ; and in the province of Shinano, 22 producing wells 
yielding igod barrels. , 

There are several localities in Africa where surface indications of petro- 
leum are met with. Attentiofi wjis some time ago directed to the results 
of the explorations conducted (oy M. de Bay, at Gebel-el-Zeit, and at 
Jemseh, on the west coast of the Red Sea, at the entrance of the Gulf of 
Suez, and it was regarded as not improbable that in these localities as well 
os in the neighbouring islan^ of Jafatin, oil might be found in quantity. 

. The Egyptian Government engaged Dri Tweddle to carry on the work of 
development, and wells were drilled, but without sa^factory results. In 
Algeria, petroleum is found at Ain Zeft, in the province"of Oran. 

In the West Indies, petroleum has for a lengthened period been known 
to occur. The^ petroleum of Barbados was formerly imported under the 
name of Barbados tar, and the a^phaltum from the pitch lake of Trinidad 
has for many years been an important article of commerce. This depo^jt is 
about t{u?ee miles in circumference, and is described as a mass of asphaltum 
firm enough to bear a team of horses, but still somewhat plastic. The 
* la Sumatra, especiolty, the industry appears likely to assume great importance. 



aspbaltum is broken out with pioks, an J only a foot orltwo of the surface is 
removed, the pitch below this becoming soft and plaeftc. The excavations 
made hll again in a ^hort time with the fluid material from below, the 
new deposits hardening very soon into asphaltum. The visible supply is 
very large, the surface to a depth of one foot being estimated to contain 
1 16,678 tons of as^Miltum* 

Petroleum and asphalt are likewise met with in Cuba. 

Ip the iJominion of Canada, petroleum is obtained in considerable quantity 
in Ontariq, as already mentioned# It is also found |Lt Ga^6, where drilling 
operations are now in ^rogres^. Along the Athab^ca, Vermilion, and 
Mackenzie rivers there are importai^t indications pointing to the conclusion 
that extSnsive dep<^its of petroleum exist in this district. The oil has also 
been met^ith on Great Manitoulin Island ; in JBritish Columbia, at Crow’s 
Nest Pass, in the Rocky Mountains ; on the Tar Islands, Queen Charlotte’s 
Islands ; as well as in Newfoundland, Nova Scotia, ^d New Brunswick. 

Petroleifrn is pi'oduceck as ali-eady stated, in the United States in Penn- 
sylvania, New York, Ohio, West Virginia, Colorado, California, Indian^ 
Kentucky, and* Tenn^see, Illinois, Kansas and Texas. It also occurs in 
Alabama, Florida, Michigan, Missouri, Louisiana, Nebraska, Montana, • 
Wyoming, Dakota, and New Mexico. ^ 

In Mexico thero are several ’ocalities where promising indications of 
petroleum occur, and in Venezuela, on the shores of Lake Maracai^ 
coniiderable deposits are believed to exist. In Colum'bia, Ecuador, and 
Argentine Republic, petroleum has been met with ; but the#only localities in 
South America where systematic drilling*has been carried on are in Peru. 
As long ago as 1876, a productive well was sunk ..ear Zorritos, by Mr. 
Prentice, and a refinery was subsequently erected but the outbreak of war 
caused the industry to be abandoned. At a later date the development of 
the Peruvian oil-fields was recommenced, and drilling operations are now 
Ireing conducted by se^ eral companies. 

In New Zealand, petroleum is fouhd on the sea beach at Taranaki, New 
Plymouth, and a well has recently been drilled in this locality with a very 
promising result ; it also occurs at Poverty Bay, on the east coast of North 
Island, and at Manutahi, Waipu. ^ 


CHAPTER IL 

VII. Gbology of PetrolewD. 

• 

P^BOLEUM occurs in all geological formations, from the Silurian up to 
the Tertiary; it is, however, found chiefly in the Silurian, Devoni^, and 
Lower Carboniferous rocks (in the westdtn hemisphere), and in the Eocene 
and Miocene formations (in the eastern hemisphere). . . x t 

In Pennsylvania and New Y'ork, petroleum is found saturating strata of 
sand-rock. When first wells were drilled^ America nothing was known 
about these strata ; but ultimately, in the valley of OU Creek, the ^ten^ 
of three well-defii.'bd “oil-sands” was^ ascertained. These od-^ds mthe 
Oil Creek district are of considerable lygularity as regards ^heir thickness 
and the distance mtdWenitig between them, the first sand Being forty 
thick, with# an interval of 105 fo^t bet\?een it and the sewnd sand, wm^ 
is twenty-five feet thick; an inter val«of no feet occurring betw^n the 
second sand and the third, and the thickness of the latter being tortyrfive 
feet. In some localities, however, the second san^ is split into two w^ll-defined 
%ands, with from fifteen to thirty feet 0^ slates or shales intervening; ana 
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tUs has Riven riee A the definitioJ of a fourth sani In driUing <m high 
ground in the Oil Creek dietrict, several upper ^d-rwks ^ 

Wted and these were termed “ mountain sands^ In additito to the 
three reeular sand*, there was often found, about fifteen to twenty fw^ 
Ibovethrregular third sand, a fine-grained muddy greyed from twelve 
to twenty-five feet thick ; this waa termed the stray thfrd. 

The Venango oil-sand group is described bytMr. Carll ^ a group, in 
the strictest sense of the term, having a well-defined top and bottom,, and 
consisting of a mivw of sjmdstone deposits <rom 300 to 380 feet t^ick, with 
lavers of pebbles, and many local partings of slaAe and shale. These fipres 
Z he Ks, be varied somewLt, b.ut it will found that a thiekn^ 
of 3SO feet will, in nearly every case, embrace all the sands beloAging to 
the^Venango group, even the fourth, fifth, and sixth sands, *he low 
members of the group in some localities have been called. The oil is 

piincipally obtained in Ihe third sand. ^ . j j 

^ As^the area of the oil-producing territory wns extended, it was found 
Aat the underlying geological formation varied considerably, the "0^ 
disappearing, and its place being taken by shales at the same geologioal 

The’ several'groups of oil-prodiwing rocks are, as Mr. Carll rem^ks, 
locally well-defined under certain areas ; but they have their geographic 
as well as their goolo.gical limits, and as far as is at it 

Mographical limit of one group never overlaps that of another. Hen^ »t 
mu^t not be presumed that each particular sandstone ite ml wm be found 
in every locality where its horizon can be pierced with the dnll, or that a 
measured section of the rocks in one plaw can bo precisely duplicat^ m 
detail in another. Therefore, the most skilful oil-producer, the most expert 
geologist, cannot tell how many other oil homons may esst at intermediate 
depths beneath the surface (that is, in the scale of the formation), but 
which have, as yet, escaped the oil-miner’s drill. mi • ai, 

'Local names are given to the pridciifal oil-bearing strata. Thus, m the 
Washington field there are the Gordon sand, the Gantz sand, the so-feet 

sand* and the Manifold sand. . . a 

In Western Pennsylvania the ^p of the oil-beanng strata is 
regularly at th» rate of from 20 to 30 feet to tho mile from north-east to 

south-west i^ion reference to the anticlinal and synclinal ■ 

disposition of the straUm, by some producers, carefully studied. 

■ . In Western Pennsylvania, the sand-rock vanes in charseter trom a 

coarse-grained, nncemented sandstone te a pebble conglomerate, composed 
of coarae pebbles of white, orfeUghtly coloured, opaqu^qiiartz overlaid by 
marls and slates, often highly siliovtod, forming, very hard and imperviSus 
crusts This pebble conglomerate consists of two varieties, occupying _ sepa- 
rate horizons, in one of which the ‘pebbles are nearly spherical, “i the 
other flattened. Between these beds of sandstone or. conglomerate that 
contain the oU are beds of shjle, with which are thin beds of sand and 
“shells.” These sheUs are described by Professor Lesley as hard crusts of 

Peckham t remarks tlmt petroleum is fcfdni in the principal 
oU-produoing territories in the Unit^ States and Canada, ^turating p^M 
strata and oX-lying superficial gravels. It oocura 'm Ca^a and West 
Virgil beneath 4e crowns of antlolinals ; whilst in 
sat^ting the porous portion of formations that he far beneath the 
of superficial erosion, like sand-bars in a flowihg stream or detntus oil a 

' • Pennsylvania Geological Survey Reports, • 

t United StaUss Oeneus Report, 1884. 
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boaeli. iiiese formations or depositB, talen as wliole mpmherB of the geolo^ 
gical series, lie coAfCmably with the enclosing rocks, and slope gently 
towards thh sOuth-west. The Bradfoi'd field, in particular, says Professor 
Peckham, resembles a sheet of coarse-grained sandstonb, loo square miles 
in extent, and from 20 to 8o feet deep, lying with its south-western edge 
deepest, and submA’ged inp salt water, and its north-eastern edge highest, 
and filled with gas under a*i extremely high pressure. 

Ashburner s classification of the petroleum deposits of tiio oil regions 
of Pennsylvania and New York hfis already been gi^en (s^ p. 102), and his 
description of certain of the cil-s-wids in the tlistricts enuinemted may here be 
added, ^n thev-Allegany and Bradford districts, the oil-sand consists of a 
grey, black, dark-b#own or chocolate-brown sand, of about the coarseness of 
* the ordinasry beach-sand of the New Jersey coast.* In the Warren distiict, it 
presents somewhat the gerteral appearance of tho Bradford and Allegany 
sand, but is frequently coarser-grained, and sometimel contains small pebbles 
not known to have been frtimd in the sands of tho two other distriiits. The 
Yenango oil-sands generally consist of a white, grey, or yellow pebble rock? 
The pebbles ar^^vater-Vorn, arc sometimes as large as hazel-nuts, are loosely 
cerriented together, and are gen < 'rally bedded in line sand. ^ 

U^he oil-bearing sandstones in the Washington field may be thus de- 
scribed : 

p^ordon sand — small black, gioy, and white particles in equal propo^ 
tions. Gantz sand — similar to Gordon sand, witli the exception that the 
grains are larger. Fifty-feet sand — of a ^ale brown colour.* Manifold sand 
— small red and grey particles in equal proportions. Stray sand — for the 
most part of a greyish colour, but with a few reddish particles intermixed. 

The Trenton limestone is an important soiuce of petroleum in Ohio; it 
is also oil-bearing in Indiana. 1 n Kentucky and Tennessee, petroleum is 
found in the Ohio shales (Upper Devonian) ; whilst in Colorado it occurs, 
according to Professo,* Newberry, in the Middle Cretaceous beds, the 
Colorado shales. Professor Aughey states* that the Wyoming petroleum 
deposits originate in the Mesozoic formatiofi, and probably in the Triassic 
section of it. 

In California, petroleum, according to Professor Hanks, t undoubtedly 
occurs in the Tertiary formation. At Pico Canon, he observes, the sand- 
rocks are stratified with much T’egularity, and are interstratified with plates 
or seams of gypsum (selenite); a black shale and^a cojjrso conglomei’ate 
also occur here. Professor Peckham states that he observed the petroleum 
in Ventura county to he primi* ily held in strata of shale. Nowhere in this 
locality did he find the enoi^ously thick sandstone, with '^hich the shale 
was interstratified, saturated with the oil. 

Dr. Hunt asserts ]; that; iii Western Canada the oil-springs are upon the 
outcrop of the corniferoua limestone, or of*tho overlying Hamilton shales, 
and are along the line of a broad and Ioa^ anticlinal, which runs nearly east 
and west through the district. The corniferous limestone in Enniskillen, he 
adds, is overlaid by about 200 fert 01 marls apd soft shales, abounding in the 
characterislic fossils of the Hamilton fonaation. tfo this succeed from 
40 to 60 feet of quaternaiy chiy^ ; ;id sands of fresh-water origin, through 
which the scanty* i^jftaial oil-springs riije. On sinking wells, there is gene- 
rally found reposing immediately upop. the shales a layer ^ coarse gravel 
holding large quantities of ^pet, -icum, which is the oil of tj^e so-called surface 
wells, and kas accumulated beneath the clays. It is darker and thicker than 
that obtained directly from the rock'^below, on boring which fissures or 

‘ • Eepor^on the Wyr- nng Oil Springs, by Samuel Aughey, Ph.D., Omaha, Nebraska, 1882. 

# t fourth Annual Keport of tho Oalifoniian State Miftoralogist, Sacramento, *18844 
f American Journal ofiiScienoe, 1863. 
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seams are met with,* from which petroleum issues in abundance, and often 
with great force. ^Ihese oil-bearing veins are met with at depths varying 
from 40 to 100 feet in the rock. In the Athabaeqa region/' petroleum is 
found in the Devonian rocks ; it has also saturated the sandy beds of the 
cretaceous series. 

Professor Hitchcock enumerated in the “ Geological Maga^jine,” in 1867, 
the following fourteen different formations from <which petroleijm has been 
obtained in Korth America (exclusive of the West Indies), and generally in 
commercial quantities ; and Professor Peckham considers that developments 
since 1867 have added little, if anything, to the enumeration. 

(«) Pliocene (since determined to be Miocene) of California. 

h) Cretaceous in Colorado and Utah, near lignite beds. 

(c) Trias of North Carolina and Connecticut. a 

(d) Near the top of the Carboniferous rocks in West Virginia. 

(e) Shallow wells 'near Wheeling, West Virginia, and Athens, Ohio, 

not far from the Pittsburgh coal. 

* ^425 feet lower, near the Pomeroy coal-beds. 

Q) At the base of the Coal-measures, in conglbmeratas or mill-stone 
grit. 

(A) Small Wells in the Archimedes limestone (Lower Carboniferous) of 
Kentucky. 

(i) Chemung and Portage groups — certainly three different levels — 

• in western Pennsylvania and northern Ohio. 

(j) Black slate of Ohio, Kentucky, and Tennessee, or the representa- 

tives of the New York formation from the Genesee to the 
Marcellus slates. This is near the middle of the Devonian. 

(A) Corniferous limestone and the overlying Hamilton group in 
Canada West, extending to Michigan. 

(^) Lower Heldeberg limestone at Gasp 4 , Canada East. This is 
Upper Silurian. 

(m) Niagara limestone near Chicago; 

(n) In the equivalents of the Lorraine and Utica slate and Trenton 

limestone of the Lower Silurian, in Kentucky and Tennessee. 

Vasilieff* states that the oil-beapng strata of the Apsheron Peninsula 
belong to the Lower Miocene series of the Tertiary epoch. The upper 
beds, consisting of fossiliferous limestone, have disappeared in the oil-region, 
the rocks of which are covered by deposits of alluvial origin. The oil-bearing 
beds extend in a north-east and south-west direction, and the dip, as well 
as it can be made out at present, ranges between twenty and forty degrees. 
The beds are composed of sand, calcareous clays, marls, and in places com- 
pact sandstone, often of great thickness, frequently penetrated by bands of 
pyrites. The calcareous clays are cosily bored tlpough. The oil-sands are 
in a semi-fluid condition whem brought to the surface. A characteristic 
of these groups of oil-bearing rocks is the total absence of organic remains 
down to the maximum depth yet reached, while the , upper beds of the 
series abound in shells of the Aral-Caspian order. The number of oil- 
bearing strata is unknown ; threi? have up to the present been defined. 

In the Jllski district, two oil-sands are met with : one at a depth of 
about 200 feet, and the other, which is the more producflkve, at from 600 to 
1200 feet below the surface. 

In the Baku oil-fields, the dip is stated to range fr6m 20® to 40®, the oil 
deposits, as in Pennsylvania, extending in a north-east andusouth-west 
direction. Vasilieff says that practice has justified the principle advocated 

• Qorny Jurnal (Ruseian Mining Journal), 1885. Translated and abstracted by William 
Anderson, If.I.O.Ii, and published- in. be Minutes of the Vroceodings of tbe Institution ot 
Civil Engineers, London, 1885. , 
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by Professor Bomanofisky that wells should not be drilled near the outorop 
of the oil-bearing strata, nor at anticlinal bends, but Ihould strike the b^ 
at not less than 400 fpet below the outcrop. 

In the oil-fields of Galicia, the general succession of the strata, according 
to Mr. William Topley, is as follows, petroleum occurring in the 

divisions marked ♦ ; — 

• 

*Salt marl beds (Ozokerite) , Miocene 

Magura and Kliwa aandstones J Oligocene of '^oro© authors) « 

•'Menllite beds . * * • ■ l *Upper . .j* Eocene 

Carpathian sandstone series • V , ^ ' Cretaecons 

( *iiOwer (Ropianka) beds . . ^eocomlan 

• 

The oibbelt ” extends in a general north-wesVand south-east direction. 

In Italy, petroleum is tnet with in the Tertiary formation. The strata 
are argillaceous, more or less marly, of a grey colcTur, with calcareous sand 
of a greenish colour, and* sand containing mica in minute grains. Beneath 
the strata are hard masses of marl and sand. • 

In France%-nd Spain, the oil occurs in Cretaceous and Tertiary beds. In 
a* paper read at the 1891 meeting of the British Associ^^tion, Mr. Topley 
sta/ed that in north-west Germany petroleum yas found in the Keuper 
beds, and more or less in other strata, up to and including the Gault ; in 
tbp Rhone Valley and Savoy, m the Jurassic formation ; in the PyrepgjBS 
and Spain, in the Neocomian and Cretaceous; inElsass, in the Oligocene; 
in Bavaria, in the Lower Tertiary (Flysch); in Italy, hi the Eocene; in 
Galicia and north-east Hungary, in the Neocomian to the Miocene; and in 
Poland, Roumania, and the Caucacus, in the Miocene. 

In Mexico, and in the West Indies, the oil is found in the Tertiary 
formation. In Algeria, it occurs in the Lower Tertiary beds ; in Egypt, in 
the Miocene formation, and in New Zealand in the Cretaceous and Tertiary 
strata. 

In Burra ah, petroleum occurs in the rocks of the Middle or Lower Tertiary 
epoch. In his report on the oil-fields of*Twingaung and Beme, already 
referred to, Dr. Noetling expresses the belief that the petroliferous* strata 
of the Yenangyoung district are no later age than Miocene. They 
consist, he states, of laminated and clayey sands, sometimes a little indu- 
rated, so as to form soft sandstones. Some of the beds are highly calcareous, 
concretionary masses of sandy limestone aboundij^g. JjTodular concretions 
of a very hard quartzitic limestone are also found. The sandstone varies 
in colour from white or veryj.ale yellow up to dark reS and blue. The clays 
and sand-clays have a bluisn-grey tint. Mr. R. A. Town^nd f appears to 
of opinion that'the oil-bearing rocks of hhe Khdlan field in Baluchistan, 
are Eocene. , • 

In Assam, petroleum is found in tb(f coal-bearing beds of the Middle 
Tertiary. • 

The occ’^renc^) of petroleum in coal-mines in England has already been 
referred to. As much as thirty-five ton^ was collected at the Southgate 
Colliery, near Chesterfield, in 1890. Itws also foT»nd, in small quantities, 
in the Derbyshire lead-mineiS, which are worked in the carboaiferous lime- 
stone. Accordi.*^ 10 Mr. Topley, petroleum obttiined from the sandstone 
beds in the coal-measures of Shropg^hire, was sold yeai^ ago under the 
name of Betton’s British Oil Mr. D. N. Steuart, chemist to the Broxburn 
Oil Company, a paper (Jour. Swj. Chem. Industry, Feb. 20, 1887) 
descriptive of a petroleum spring mef^within one of the company’s shale- 
pits, states that the oiT is found in a level, below the Broxburn and 


Beport on the retroleum Exploration at Eh4tan. 



' 122 GEOLOGY OK PmOLBirk XSD Of NATURAL GAS, 

Dunnet seems of shale, which had i^n driven off the main shaft, through 
a series of stratified i^ks consisting of calcareous bands and poor shale. 

In the paper already referred to, Mr. Topley summarises the “geological 
condition under which petroleum and natural gas occur as follows ; 

1. They occur in rocks of all geological ages, from Silurian upwards. 

The most pr oductive areas are, Palaeozoic in North America, Miocene in the 
Caucasus. © ^ 

2. There is no relation to true volcanic action. ^ 

3. The most productive areas for oil in great quantity are vrhere the 

strata are comparatively undisturbed. Oii, but In less abundance, fre- 
quently occurs when the strata are highly di!?turbed and contorted ; but gas 
is rarely so found. u 

4. The main requisites for a productive oil- or gas-field are »a porous 
reservoir (sandstone or limestone) and an impervious cover. 

5. Both in comparatively undisturbed and in highly disturbed areas, 
an anticlinal structure often favours the accumulation of oil and gas in the 
denies of the arches. 

6. Brine is an almost universal accompaniment of dil and gas. 

In Ohio and Indiana, where the oil occurs in the Trenton limestone, the 
productive areas We mainly over antiidinals, gas occurring on the summit, 
and oil on the slopes. The Trenton limestone is highly fossiliferous, and the 
petroleum found in it is probably indigenous ; but in the case of the sand- 
stTiues, the source of the oil is probably the underlying fossiliferous shales. 
The Trenton limestone is only petroliferous where it has been dolomitised ; 
but when thus transformed into a ‘’cavernous and porous ro(;k it is capable, 
like the sandstone, of containing from one-tenth to one-eighth of its bulk 
of oil. The escape of the petroleum from these natural reservoirs is pre- 
vented by the impervious cover of shale. 

Petroleum and natural gas are often found confined under great 
pressure,* the cause of which is clearly explained in the following extract 
from an article by Professor W. J. McGee', published in the “ Forum ” for 
July 1889, and reproduced by^ Mr. Topley in a paper on the Sources of 
Petrolbum and Natural Gas, read at the Society of Arts, April 1891 : 

“ The cause of this enonnous pressure is readily seen in Indiana. The 
Cincinnati arch (in which the gas of tlie great Indiana field is accumulated) 
is substantially a dome, about fifty miles across, rising in the centre of a 
stratigraphic basin fully 500 miles in average diameter. Throughout this 
immense basin, the waterrfialling on the surface are in part absorbed into the 
h. rocks, and conveyed towards its centre, where a strong artesian flow of 
water would prevail were the difference in altitude greater ; and the light 
hydrocoi’bons floating upon the sdrfaco of this ground water are driven inl^ 
the dome,' and theij’e subjected to hydrostatic pressure equal to the weight 
of a column of water whose height is the difference in altitude between the 
water surface within the dome and the land surface of the catchment area 
about the rim of the ejiclosing basin. Accordingly, the ^ static pressure is 
independent of the absolute altitude of the gas-rock and of its depth beneath 
the surface, except in 89 far as tbfse are involved in the relative altitudes of 
the gas-rock gnd a catchment area, perhaps scores or even hundreds of miles 
distant. Gas pressure and oil pressure may, therefore, b^' estimated in any 
given case as* readily and reliably as artesian water pressure ; bub whilst the 
water pressure hs measured approximately by the difference in altitude 
between the catcHment area and ''well-head, that of ^as is iineasured 
approximately by the difference in altitude between catchment area and gas- 
rock, and that of oil is measured by the same difference, minus the weighii 

* lu Indiana 300 to 350 Iba. per square Inch ; in the Findlay field, 450 to 500 lbs.; and in the , 
Pennsylvania field from 500 to 900 iW. 
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of a column of oil e^ual to the depth of the well. It fdlows that the static 
pressure of gas (as indicated at the surface^ is always^ greater than that of 
oil, partieularly in depp wells. It follows also that the pressure, whether of 
gas or oil, is not only constant throughout each field, but diminishes but 
slightly, if at all, on the tapping of the reservoir, until the supply is 
exhausted ; and lienee that pressure is no indication of either abundance or 
permanence of supply.'' • 

• 

VIII. Origin of Petroleum. • 

Petroleum is usually considered to have been formed by the slow 
decomposition of • vegetable or animal matter, either in the rocks in 
which itiito found, or in underlying strata. Berthelot, however, in 1866* 
propounded the theory that petroleum resulted from the action of car- 
bonic acid and steam on the alkali metals ; and in the following year 
MendeleeflT, in an essay read before the Chemical Society of St. Peters- 
burg,! gave in detail his reasons for believing petroleum to be the 
product of tht. actiod of water on metallic carbides, at a high temperature 
and under great pressure. Aeceptiiig La Place’s hypothesjp in regard to the 
for; nation of the earth, it is natural U) conclude that metals, and especially 
iion, would be among the bodks first condenseS, and would thus enter 
largely into the composition ot the centre of the earth. As the crust be- 
came crumpled and cracked under the influence of the continued cooling and 
contraction of the core, crevices woul^ be formed, through which water, 
now eoudensing on the surface, would find its way to the still highly heated 
compounds of carbon and iron or other metal. Decomposition of the water 
would ensue, with the production of hydrocaiboi’S and metallic oxides. The 
former products would pass away to higher stratr, where they would become 
condensed into the liquid form. This theory appears to have received such 
support as has been a .‘corded to it mainly, though not wholly, on the ground 
ol the supposed difficulty of accofting tho principal alternative hypothesis 
in the absence of a carbon residue (such atf would have resulted from the 
decomposition of vegetable and animal remains), and of evidence 8f the 
action of heat upon the oil-bearing ro^ks. Professor Peckham has, however, 
clearly pointed out t that in the case of the petroleums ef California and 
Texas, for instance, the strata from which they issue contain vast accumu- 
lations of animal lemains 3 that petroleum is not asserte^ to be tho product 
of high temperatures and violent volcanic action* but of alow and gentle 
changes at low temperature Cuo to metamorplnc action upon strata buried 
at immense depths ; and lasfly, that as regards the petroleujn of New York, 
,!l^nnsylvania, Ohio and West Virginia (to* which IVlendel^eflTs theory pro- 
bably bad special referen^o) there is ewdence that the oil is a distillate, and 
that the carbonised remnins of organisms «,nd evidences of heat action must 
be sought at a depth far below tho umfitered rocks in which the petroleum 
is now store 1. There is an additional argument which has been advanced 
in support of MendeUeff’s hypothesis — namely, that the supply of organic 
matter is inadequate. In respeet to tWs, however. Professor Peckham 
points to the vast extent of j;ho I'evonian shales, and the immense quantity 
of fucoidal remai.*5 which this deposi^ contains, as an ample source, and he 
adds that if the Devonian black shales^ are inadequate, we may descend still 
lower in the geological series i ihe Nashville limestone and other Silurian 
rocks. • • * * 

^ It seems unquestionable that the oerivation of the very varied descrip- 

* “ Ann. Cbi’m. Phys.,” Dec. 1866. 
t L’Ongine du Petrolo ; “ Hevue SoiontiAquo,” Nov. 3, 1877. • 

} Census Pepyrt, 1884. 
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tions of petroleum met with has liot been uniform, and this is a strong 
argument in favour bf the theory that petroleum has been formed from 
animal and vegetable remains. Professor Peckbam remarks that if petroleum 
be the product of what he terms a purely chemical prt>cess,” we should not 
expect to find palaeozoic petroleums of a character corresponding with the 
simple animal and vegetable organisms that flourished at^that period, and 
Tertiary petroleums containing nitrogen, unstable and corresponding with 
the decomposition products of more highly organised beings, but We should 
expect to find a genera| uniformity in the character of the substance, 
wherever found, all over the earth. , , 

It has been already stated that the Tertiary petroleums are probably 
indigenous to the rocks in which they are found, and that the older petro- 
leums have evidently been removed to the rocks wherein they are {pund by 
a process of distillation. Professor Peckham arranges the various \inds of 
bitumen from the solid to the gaseous, in the four following classes : 

I. Those that form asphaltum and do not contain paraflin. 

* 2. Those that do not form asphaltum and contain paraffin. 

3. Those that form asphaltum and contain paraffin.'' 

4. Solid bitumens that were originally solid when cold or at ordinary 

temperatures. ' ^ 

To the first class belong the petroleums of California and Texas, wliich 
are doubtless indigenous in the shales from which they issue. The animal 
remains in the oil-bearing strata, the presence of a considerable amount of 
nitrogen in the oils, and the fact that the fresh oils soon become filled with 
the larvffi of insects to such an extent that pools of petroleum soon become 
pools of maggots, point to the conclusion that these petroleums are of 
animal origin. 

The second class includes the petroleums of New York, Pennsylvania, 
Ohio, and West Virginia. There seems to be ample ground for regarding 
these oils as of vegetable origin, and as products of distillation. 

The third class of petroleum appear8',in'i,he opinion of Professor Peckham, 
to have been produced by the mingling of the two preceding classes of oils 
throu^n the invasion of rocks containing indigenous petroleum by steam 
under high pressure. 

The solid bitumens of the fourth class are regarded by Professor Peckham 
as in all cases manifestly the result of the action of heat on the organic 
matter in stratified rocks. 

As regards the naturb of the metamorpliic action by which petroleum 
has been formed, Professor Peckham remarks of North-Eastern America, 
that it is sufficient for our purpose to know that from the Upper Silurian 
to the close of the Carboniferous periods, the currents of the primeval 
ocean were transporting sediments from north-east to south-west, sorting 
them into gravel, sand and clay, forming gravel bars and great sand beds 
beneath the riffles and clay banks, iit still water, burying vast accumulations 
of seaweed and sea animals far beneath the surface. The alteration, due to 
the combined action of Jieat, steam, and pressure that resulted in the format 
tion of the Appalachiap system, ^m Point Gasp^, in Canada, to Look-out 
Mountain in, Tennessee, involving the Carboniferous and earlier strata, dis- 
torting and folding them, and converting the coal into anthracite, and the 
clays into crystalline schists along their eastern border, could not have ceased 
to act westward along an arbitrary line, but must have gradually died farther 
and farther from thfe surface. The great beds of slate and 1 jpiestoup, contain- 
ing fucoids, animal remains, and evem indigenous petroleum, must have been 
invaded by this heat action to a greater or less degree, and thus, in accord- 
ance with yie theory of Proffer Lesley, a chronic evaporation or distilla- 
tion of the whole mass of oil in the crust of the earth (within reasonable ' 
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reach of the surface) has been going on, converting the animal and plant 
remains in^ oils, the, light oils into heavy oils, the heavy oils into asphalte 
and albertite ; the process being accompanied by the lil)eration of gas. 


T^. Physical Characters of Petroleum. 

^ Petrofeum, in the widest sense of the term, occurs in al’ forms from the 
gaseous to the solid. In its li^juid form it varies greatly in physical proper- 
ties, some descriptions* be’^ng yc'arly colourless antt verj^mobile, while others 
are black and viscid. Samples from any one producing territory, and even 
from ^he same Jevel of oil-bearifig rock in that territory, are sometimes 
quite <^'=;similar in character. Thus, Dr. Kramer instances the case of two 
wells in the Oelheim diatrict, near Hanover, of the same depth, and within 
two metres of each other, one of which yields an oil of sp. gi*. 0.880, and 
the othoi^an oil of sp. igr, 0.905. The extix'me limits of variation in the 
specific gravity of samples of crude petroleum examined by the writer are 
0.771 and 1^00, • 

^ The writer has had occasion during the past twenty-five years to examine 
a large number of samples of crude petroleum from difieront parts of the 
world, and some of the results thus obtained «.re given in the subjoined 
tables. 

* America, • 


Locality, 

Specific 

Gravity, 

• 

0 

Locality, 

Sped Bo 
Gravity. 

California — 


Pico Canon district, 1 5 . 

0.854 

Pico Canon district, i 

0.827 


„ lO . 

0.837 


0*835 


« 17 • 

0.846 

»i »» 3 • 

0.831 


„ 18 . 

0.853 

»» 4 ♦ 

0.838 


„ 10 . 

0.842 

♦» i> 5 

<fc 83 f 


„ 20 . 

0.837 

1. ,, 6 • 

0.828 


„ 21 . 

0.841 

M 1» 7 • 

0.844 


M 22 . 

0.850 

1. ,, 8 » 

0.839 

f 

» 23 • 

• 0.842 

M » 9 • 

0.836 


„ 24 . 

0.844 

M )• 10 , 

0.84/ 


» 25 . 

0.840 

M n 

0.827 

» 

„ *26 . . ! 

0.846 

„ J 2 . ' 

0.832 

9 * 

V 27 • 

0.843 


0.828 

99 

28 . . 1 

0.865 

1 11 „ 14 . I 

0.859 

9 f 

• « 29 . 

0.927 


The colour ofrf;hc whole of these samples was brown. 


^ 

Locality. 

• 

Specific Gfavity. 

Flasbing Point 
(Abel Teet). 

Colour. 

Kansas . 


• 

0.927 

F. 

224* 

Black 

Canada fPetrolia) * 


0.858 

— 

Dark brown 

„ (Gaspd), I . 


0.881 

180“ 

Brown 

99 9f 2 • 


0.856 J 


„ 

>» »» 3 • 

. 

0.853 

5? 

Dark brown 

»» ti , ' 

^ 1 

0.877 

90^ 

• 

99 

» » 5 - 


0.909 

280" 

Black 

If 1, 0 . 


0.9^1 

210" 

^ Brown 

I* n 7 • 


0.948 

— 

99 

»* • » » ^ • 


a 871 

104* • 

99 

» »» 9 • 

n it 10 . 

% 

o.8q4 

o.8ly 


19 

99 

” “ • 


0.844 

60* 

9 f 


1 — 

• Themp. gr.of the crude petrolemu from the Fetrolia. field usually ranges from 0.859 to 0.877, 
while the product from the OU Springs field hal a sp. gr. ranging from 0.844 o 854. 
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Locality. ^ 

Speoifto 

Gravity. 

Pla^Wnff Point 
(Abel Teit).^ 

Colour. 

« 

Peru, I 

.1 

m 3 

Ecuador, i . . . • 

„ 2 . . . . 

Mexico, I . . . . 

„ 2 . . ' . ' . 

:: 1* : : : : 

> Argentine Republic 

0.859 
0.940 
0.920 
0.953 
0.928 
0.874 
0.882 
0.942 
0.946 
; 0.935 

F. 

38“ 

248“ 

I22®‘ 

126 , 

' 294° 

262® 

4 

Deep bro^ish*red 

>* 1 

Brownish-rfed 

Black 

Black 

f 


Locality. 

Specific Gravity. 

.Colour. , 

Bradford, i . . . • 

0.810 

Reddish-brown 

„ 2 . . . • 

0.819 

»> ' 

Parker (Clarion) 

0.797 

>1 

„ (Kansas Cil) ) 

0.789 

>> 

Thorn Creek . ■ , • 

' 0.802 

Dark amber 

Stoneham . . . • • 1 

0.802 

Maoksburg . , . • 1 

Lima . . ^ 

0.829 

0.839 

Reddish-brown 

Brownish-black 

Washington, i . . . • | 

0.790 

Yellow 

,, 2*\ 

. 0.777 


3 . • • • 1 

0.798 

Amber 


0.798 

0.800 

Yellow 

r, 1 . 1 

Amber 

1 „ 6 . . . . 

0.804 



0.792 

Yellow 

1 M 7 .... 1 

0.819 

Amber 

; >1 9 ’ 

0.775 

Yellow 

„ 10 . 

'0.820 

Amber 

1 „ 11 . . . «» 

0.801 

19 

12 ... . 

0.816 

Brown 

! , 13 • • • • 

0.814 

9* 

1 .. 14 ... . 

0.828 

„ 

4 . . . . 

0.792 

Dark brown 

i is . . . . 

0.788 

Yellow 

1 i> 17 ... . 

0.771 

99 


0.801 

Amber 

„ 19 ... . 

0.799 

„ 

„ 20 . “ . 

0.780 

Dark brown 

21 ... . 

0.777 •• 

Yellow 

„ 22 

0.771 

» j 

„ 23 ... . 

0.786 

t» 

24 ... . 

- 0.772 

ti 

M 25 ... .‘ 

' 0.772 


„ 26 ... . 

• 0.797 

Amber 

„ 27 ... . 

9.792 

99 

„ 28 . ; . . 

0.814 


„ 29 . *. 

„ 30 . , . 

Wyoming, i . . . . 

0.808 

r 0.820 

Dark brown 

0.912 

Very dark brown 

„ 2 . . . . 

0.912 

"'i. - 

» . 3 • 

' 0.912 

M 

91 * * * 

0.910 

»» 

« c . , . . 

0.944 

Brownish-black 

„ 6 / . . . 

• 0.91 1 

Very da^k browe 

„ 7 

0.945 

Brownish-black 

California fPico Canon) . 

0.844 

► Dark brown 

„ (Puente) . 

a 880 

Black , 


Viscosity at 70®, 73. ii (Bape oil at 60* F. = 100), cold test, o'* F, 
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El£88i<K • 


■ 

Locality. 

; * 

Specific 

Gravity. 

Flaahinir Point. , 
(Abel Te«t). 

Colour. 

Balakhani, i . 

. 

0.879 

F. 

Dark brown 



0.873 

93* 

M 

Pale ; ellow 

Surakhani* . 


0.780 

— 

Tiffis . • 


,0.976 

i 320* 

Almost black 

Illaki, I ; 


0.853 

— • 

•Dark brown 

„ 2 . 

‘ • • 

• 0.942 

— 

Brownish-black 

Eoudako, i . 


0.860 

— 

Very d»rk brown 

ft 2 , a 


0.936 

— 

Brownish -black 

Kertch (C imea) . 


0.887 

• 



Tho Bp. gr. of the petrolonm j’ioldod by the flowing wells in ||io Baku distnet during the 
par 1889 ranged irom 0.854 to o 899, the oils of lowest density not being in all cases obtained 
from the deepigi^ wells. * « 


Jjvrmah^ Assarrif and Bahichisian. 






VisooBity by 


0 


Redwood’s 

* Locality. 

ll 

02(5 

Getting 

Point. 

Flasbii 

Point 

AbelT< 

Vlufometer 
(Eapo oil at 
^®F. = ioo) 

a 


• 


at 90° P. 



P. 



Upper Burmah (Yenangyoung) Twiuza’s wells, ^ 

0.887 

82" 

( Re- 

110 

10.21 

t» »i >j It 2 

0.937 

I mains 
> fluid 

150* 

25.86 

• 


1 at o'' ^ 



,, „ „ Drilled well 

0.869 

80“ 

62" 

— 

». » 71 »> 

0.870 

78“ 

So** 

— 

„ (Paran district), 1 . * .* 

0.875 

82* 

83* 

10.07 

0.837 

60" 

— 

5-91 . 

„ ,, „ 2 . . . 

,, (Minbu) 

<*832 

7o“ 

70“ 

5*54 

0.999 

35 * 

294“ 

703.t)6 

Pegu (west of Tbayetmyo) i . . . . 

0.854 

72* 

80" 

6.3S 

»» >, „ 2 . . . 

0.859 

76'’ 

110“ 

7.81 

7 f }t 77 J ••• • 

Arakan I. (llamri) mud volcano, i . 

0.870 

80’ 

k6“ 

8.78 

0.818 

— 

— 

— 

„ ,, native pits 2 . 

0.866 

— 

— 

— 

»» 77 77 3 • • * 

0.890 

(Below f 

125“ 

10.21 

JJ 77 ,f • 

0.834 

do. 

45* 

— 

» „ „ -s . . . 

0.825 

20” 


— 

Baranga I. (Eastern), 

t>.835 

- 


— 

# „ (Western) ..... 

0.888 

— 

— 

— 

Aosam, I * . 

'0.933 

— 

— 

— 

m2 

: 0.940 

— 

212” 

14.2 

„ 3, from drilled well, Digboy 

j 0.858 

— 

43° 

— 

Baluchistan (Khatan)* from drilled well . 

L. a. 

1 I.OOO 

— 

280° 

— 


GaUcia, % • 


• •• 

• 

t . 

Specific Gravity. 

Lowest. 

• Highest. 

Eastern ^d of belt, Sloboda-Ruugurska *. 
Intermediate portion of belt, Uslrzyki dig- 
• trict . . . ^ . 

Western end of belt, Wietzno district 
' 

0.830 * 

0.835 

0.846 

0.868 

0.844 

0.859 


• A viscid oil of bliPck colour. 
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PHYSICAL CHARAOTEBS OP PETROLEUM. 

{ ' 


Fifteen ^Wells in the District of Shhoda-Rungursha, 


No. 

Depth in Metres. 

Specific Gravity. 

No. 

Depth in Metres. 

^ Spiolfic Gravity. 

I 

213 

0.842 

9 

202 

0.863 


194 

0.868 

10 

280 

0.837 

3 

189 

0.835 

II 

• 305 , * 

0.839 

4 

164 

0.850 

12 

• 280 

0.837 

5 

225 

0.838 

13 

‘ 282 1 

• 0.864 

6 

275 i 

0.845 


250 

0.83(3 

7 

282 • ! 

0.844 

I? 

311 

•0.839 

8 

274 

0 . 8^3 


^ i 



Five Wells in the Ustrzyki District. « 


No. 

Depth in Metres. 

Speeifto Gravity. 

No. 

popth in Metres. 

Spe*eiflc Gravity. 

I 

183 

0.835 

4 

232 , 

0.836 

2 

173 

0.844 

5 

‘ 229 

• 0.841 

3 

183 

0.841 

i 




Miscellaneous. 


Locality. 


Specific 

Gravity, 

Flashing Point 
(Abel Test). 

Colour. * 

Koumania, i 


0.859 

F. 

123'’ 

Dark brown 

,» 2 , . 


0.845 

Below 20“ 


3 • • 


* 0.860 

75“ 

»> 

» 4 • • 


0.861 

72“ 


M 5 • • 


0.839 

87“ 


„ 6 . . 


0.890 

80" 


„ 7 . • 


0.896 

85“ • 


„ 8 . . 


0.882 

57“ 


f. 9 • • 


0.846 



„ 10 . . 


0.899 

— 


Hungary 


0.907 

iSS** 

Reddish-brown 

Germany (Oelheim) . 


0.913 

— 

Brownish-black 

•„ (Wietze-Steinfbrde), i . 

0.951 

200” 

— 

M M l> 

2 . 

0.943 

150“ 

— 

»> 11 11 

3- 

o«94i 

— 

— 

„ (Horst), I . 


0.910 

98° 

Very dark brown 

,1 ,1 2 . 


0.872 

84“ 

„ 

England (Derbyshire) 
Spain . . . ' . s 


0.857 


Black 


0.921 

— 

Brownish-black 

Italy (Montechino) 


0.787 

13“ 

Straw 

„ (Miano), i . 


0.867 

36“ 

Brownish-red 

M » 

Zante, 1 . . . 


0.832 

’ 21'’ 1 


, . ' 

1.020 

— 

Black 

„ 2 . 


*1-005 

— i 

M 

Algeria, i . . 


0.921 

.60" 

Dark brown 

,» 2 # . . 


0.924 

— 

' , 

„ 3 • 


0.981 

218“ 

„ 

Red Sea * , 


0.945 

144“ 

Black 

Java .... 


0.881 



Trinidad, l . . . * 


' 0.980 

330° 

», 

„ 2 . . .« 


^ 0.961 

190” 

„ 

3 • 


0.952 

— 

„ 

Barbados . 


0.945 

240“ 

Dark brown 

New Zealand (Vaianaki), 1 


<i.957 

— 

— 


V3.971 

236“ 

Brownish-black 

„ »>• 2 


,0.843 

70“ 

Reddish-brown 

1 . M 3 


0.828 


“Brown* 

Persia, i . ... 


0.777 

— 

Straw 

„ 2 . . . 


1. 016 

• — 

— 


^ • M. A/Pappel, Chief Chemist In the Khedivial Laboratoi 
with particulars of two samples of crude pf^troleum from the 
The specific gravities of these samples were a9o8 and 0.933. 


, has furnished the writer 

3d Sea coast examined by hiid. 
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• » 

The odour of the great majority of these samples ]yas not unpleasant, 
but the Lima (Ohio) and Petrolia (Canada) oils, as well as the heavy oil 
(sample N< 5 . 5?) from Ppfsia, had an offensive smell, duetto the presence of 
sulphur compounds, and the Wyoming oils had also a somewhat disagreeable 
odour. 

The co-efiicient qf expansion of petroleum varies with its specific gravity, 
as is shown^by the follow^ifg table : 

• Specifle Gravity at 15® C. Expanaion oo-effioiont for t® C. 

Under 0.700 * ... o.*t)009O • 

0.700 to a75b • ... 0.00085 

0.750 to 0.800 , ... 0.00080 

“ 0.^00 to 0.815 ... 0.00070 

Over 0.815 ... , 0.00065 

The rate of expansion hks also been found to var;j according to the tem- 
perature. 

In comiftercial practice, it is customary to add to or subtract from the 
recorded sp. gr. 0.0004 every i'' F. above or below 60“ F., and this is found 
to afford asuflitienily t^lose approximation to the truth for business purposes 
in ,flie case of most of the various descriptions of kerosene. ^ 

Tables for calculating the alterations in volume.of crude petroleum with 
accuracy aie in use in America. These tables were constructed on Gay- 
Lussac’s formula, 

I + a < % P * 

Where weight of the liquid before heating : 

= weight of the fluid after heating, and after the apparent expan- 
sion has been removed ; 
t — change of temperature ; 
h = co-efficient of expansion of the glass ; 
a - co-efficient of expansion*of the fluid. 

The solid form of petroleum is represenitid by ozokerite, by osphaltum, 
by elaterite (the so-called mineral india-rubber of Derbyshire), and, peAaps, 
by the coorongite ” of South Australia. By some, however, coorongite is 
believed to be a vegetable hydrocarbon of recent formation. • 

Ozokerite varies from a very soft material to a black substance as hard as 
gypsum. The density of ozokerite ranges from .850 to .950, and its melting 
point from 5 8" to 1 00° C. ( 1 36°-2 12° F.) It is soluble fh benzene, oil of turpen- 
tine, and petroleum. It is a good insulator, and has b 5 en recommended for 
use as such, in admixture with 50 per cent, of india-rubber. X)rdinary com- 
mercial Galician oawkerite has the followiftg properties : it is soft and 
pbr^tic, and has a very fibrous fracture, *The colour varies from light yellow 
to dark brown, and it frequently has a greenwh hue, owing to dichroism. It 
becomes negatively electrical by friction, ^d exhales an aromatic odour. It 
becomes more plastic on heating, and usually melts at about 62“ 0 . (i44*F.). 

The crude ozolferite found in the island of Tcheleken, on the Trans- 
caspian coa.st, is described as a brownish-bla^h sticky spbstance. 

Asphaltum is a black or ;very dark brown substance, usually hard and 
brittle, and in tha'^Vondition exhibiting a resinous fracture. 

X. Chemistry of Petroleum. 

o Crude petroleum in th^ liquid form ^consists principally of carbon and 
hydrogen^ usually in the proportion of about 85 per cent, of the^ former 
to 15 per cent, of the latter; but there are •Sometimes prosenfJ in small 
quantities oxygen, nitrogen, and sulnhur. • 
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Beichenbach examined paraffin in 1830, and rock oil four years later* 
Early attempts to determine the composition of petroleum were also made 
by Laurent. In 1^57, De la Bue and Muller described the products they 
had obtained from Bangoon petroleum. In 1863, Schorlemmer isolated 
some of the constituents of Pennsylvanian petroleum, and about the same 
time Pelonze and Cahours succeeded in separating from this oil twelve dis- 
tinct hydrocarbons, which were found to be homblogues of manrjh gas (CH^), 
and of which the general formula was 0 ^ 11 , Of the more vdatUe 
hydrocarbons, nftmely,* those boiling between o" and 130° C.- (32*’ and 
266“ P.), there have been shown to be, in Pennsylvanian petroleum, at least 
two series present ; those of the first series, which have the higher boiling 
points, being normal, whilst those of the second agree, for the most part, 
in boiling point, with the corresponding synthetically prepared iso-paraffins. 
There are grounds for believing that a third series occurs in the fraction 
referred to. 

From crude Pennsylvanian petroleum, as it issues from the earth, 
methane, ethane, and propane are given off, so that ffom this description of 
petroleum the following hydrocarbons have been separated. 

Methane CH. 

Ethane . ' 

Propane 




Specific Gravity. 

Boiling Point. | 



Normal. 

Normal. 

Iso. 

Butane . . 

C 4 H,o 

0.645 at 0“ C. 

0®C. 

— 

Pentane . . 

C5H,, 

0.645 at 0“ C. 

^8® C. 

30° c. 

Hexane . . 


0.63 at 17“ C. 

69^ C. 

61® c. 

Heptane . . 

C,H,„ 

0.712 at 16" C. 

98® C. 

91® c. 

Octane . . 

C,H,. 

0.726 

124 C. 1 118 c. 

Bolling Point. 

Nonane . . 

C.B,. 

0.71 at 15® C. 

136® to 138® C. 

160® to 162° C. 

Decane , . 

C,.H^ 

0.757 at 15® C. 

Endecano , * 

C„H,. 

0.765 at 16® C. 

180® to 184° C. 

Dodecane . 


0.776 at 20® C. 

196® to 200“ 0. 

Tridecane . ,, 

CjgH^jg 

0.792 at 20® C. * 

216® to 218® C. 

Tetradecane 


— 

236“ to 240® C. 

255® to 260° C. 

Pentadecano 

C„H,, 

— 


Methane is a colourless, inodorous gas, burning with a yellow flame of little 
luminosity. Ethane is also a colourless, odourless gas. Propane liquefies 
at - 20** 0 . ( F.). Normal, butane condenses at 0“ 0 . (32° F.) to a liquid. 

The less volatile portions of American crude petrdleum, boiling a’\)ve 
260° C. (500"* F,), contain paraffiniS'of still higher order, those containing 20 
carbon atoms, or more, being crystalline solids. Warren isolated from 
American petroleum the hydrocarbons, to but these com- 

pounds, however, according to Markovnikoff, who terms them naphthenes, 
differ from the olefines. Schorlemmer found traces of hydrocarbons of the 
benzene series in American petroleum. From the least volatile portion of 
American' crude petroleum, a peculiar solid crystalline hydrocarbon was 
separated by Morton in 1873. To this hydrocarbon, which in its reactions 
resembled Amlhracene, the name of thallene was given. Morton subse- 
quently found thr't the spectrum pf thallene differed from that of anthra- 
cene, The least volatile products of distillation were afterwards examined 
by Prunier ; and more recently by !Divers and N^amura, who have isolate a 
compound of the lormula boiling between 280" and 285“ 0. (536* 

and 545^ F. Besides thallene, anthracene, chrysene, pyrene, and fiuorene 
are also present in small quantity in crude petroleum. ' 
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OHEMISTEY OP CIAUpAS|AN PETEOLETO. 

Caucasian petroleum has been examined by Beilst^in and XorbatoT^ 
(<* Ber.” xiiij 1813 ; “ Journ. Ohem. Soo.,” xl. 159) ; by ^hiitzenberger and 
Jonine (“ Oom{)t. Rend^’^ xci. 823 ; ‘‘Journ. Chem. Soc.,”#cl. 705) ; by Mar- 
kovnikoff and Oglobin (“Journ. Chem. Soc.,” xlii. 390; xlvi. 1276), and 
by Le Bel (“ Comply Rend.,” ciii. 1017). The researches of these chemists 
have shown that the •material is altogether dijderent in composition from 
Pennsylvanian petroleum, und that it consists chiefly of hydrocarbons of the 
OnH^*serios, isomeric both with the olefines, or true homologues of ethylene, 
and with the hexahydrideig of thd? benzene hydrocaf bons, CnH,n - cHg, ob- 
tained sjmthetically by WreJen.* These hydrocarbons, which are the so- 
called naphthenes aljeady referred to,*exhibit the closest resemblance to the 
paraffins, but are of higher density than their i^ologues, and boil at some- 
what lower^mperatures thap the isomeric olefines and the normal paraffins 
containing the same number of carbon atoms, and at approximately the 
same temperi^ures as the synthetically prepared benzene compounds, as the 
following examples indicate. # 


- , 

Spedfi*' Gravity at 0“^ C. 

Boiling: Point* 

QyH 1 (normal octane) 

<^7188 ^ 

124“ c. 

(octonaphthene) 

0.7714 

1 19“ c. 

. . • • • I 

0.7655 

202“ c. 

• 

Specific Giavity at ry” C. 

• 



0.8027 

,196° c. 


The naphthenes are attacked by chlorine, forming chlorinated deriva- 
tives ; but on oxidation are completely destroyed, without furnishing charac- 
teristic prodiicts. The following table contains a list of the hydrocarbons of 
this group, which have been isolated from Caucasian petroleum. 



Soilinff Point. ^ 

• 

Boiling Point. 


119° C. 


196° C.V 

C„H., 

136® C. 

C„H.^ 

240° c. • 


idi" C. 


247“ C. 


ISC'" C. 

• 

. J 


Cauviasian petroleum also contains benzenes (pseudocumene, several iso- 
merides of cymene, and also of its next homologue)*and Other benzenoid 
hydrocarbons. Keutral and acid oxygenated compounds are also present, 
Markovnikoff having found in fraction boiling between 220“ and 230* C. 
(428" and 446" F.) as much as 5.25 per cent, of oxygen Solid hydrocarbons 
are flund, as a rule, only in very small quantities in Caucasian petroleum. 

‘ Galician petroleum has been shown by I^hpwicz (“ Annalen der Ohimie/’ 
ccxx. 188; “Journ. Soc. Chem. Ind.,” ii. *173) and by Pawlewski (“Ber.,” 
xviii. 1915) to contain a notable proportion of hydrocarbons of the aromatic 
_ g) series, the*latter chemist having found as much as 2 per cent, of 
these compounds (chiefly benzene and paraxylene). Aromatic hydrocarbons 
have also been found by 0 . Engler (“Journ. Soc. ChJm. Ind,,” i. 314) ^ 
Hanoverian petroleunj. ^ 

From “ !^ngoon tar,” presumably crfide petroleum from the Yenang- 
young district, Upper Burmah, Wai ren ahd Storer obtained ^he paraffins 
OyHjg to C,H^, the olefines from C,H,g te besides xylene, cumene 

and naphthalene. ’ , 

In some descriptions of Californian petroleum, as much as i.i per cent, 
of nitrogen .occurs, and the so-called Mecca oil found in Ohio is stated to 
contain 0.23 per cent, of this element. 

Sulphur is a not uncommon constituent* of certain petroleums, noti^ly 
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DIGGING OIL WTELI| IN JlPAN. * 

of those which occur in Canada and in Ohio. An oil fo^nd in the Kirghish 
Steppe is si^ited to contajn 1.87 per cent, of sulphur, and Delachanal* found 
3.02 per cent.Vf sulphur in the asphaltum of the Dead Sea. 

In 1875, Hell and Meidinger obtained, from Wallachian petroleum, an 
acid, forming alkali^salts resembling soft soap. The analysis of the acid, 
the ether, and the silver salt, agreed best with the formula These 

.chemists expressed the opinion that heavy Wallachian petrol\)um contains 
acids In all probability belonging to the homologous series. 

The table, onp. 132, giving th^ composition of natural ^s, was published 
in the Beport of the Committee on Natural Gas of the Engineers’ Society of 
Western Bennsylvagia. 

^ The following results of analyses of natural, gas were obtained by Mr. 
Carnegie d!t his works near fittsburg. 


• 


2 

3 

a 

4 

5 

6 




Per cent. 

Per cent. 

Per cent 

Per cent. 

Per cent. 

Per cent. 

Marsh gas •• 

72.18 

65-25 

60.70 

49-58 

57.85 

75-16 

Hydrogen 

20.12 

26 16 

29.03 

35-92 

9.64 

14-45 

E^ylic hydiide . 

3-6 

5-5 

7.Q2 

12.30 

• 5-20 

4-8 

01e4^‘'atgas . 

0.7 

0.8 • 

0.98 

^0.6 

0.8 

0.6 

Oxygen 

1. 1 

0.8 

0.78 

0.8 

2.1 

1.2 

Nitrogen 

nil ; 

iiii 

nil 

nil 

23-41 

2.89 

Cafhonic acid 

0.8 

0.6 

nil 

0.4 

nil 

0.3 

Carbonic oxide 

1.0 

0.8 

0.58 

• 

0.4 

I.O 

: a ! 

0.6 


Ozokerite contains 85.7 per cent, of carbon, and 14.3 per cent, of hydrogen, 
and consists of a mixture of hydrocarbons in various proportions 


CHAPTER III. 

XI. Primitive Methods of obtaining Crude Petroleum. 

The method adopted by the Seneca Indians in the collection of crude 
petroleum near Cuba, N.Y., which consisted in skimming it off the surte 
of water with boards, has already been described. Woolley cloths werealsc 
used to absorb the oil, and occasionally the pool of oil-covered water was 
surrounded by a stone coping to increase its depth. 

Professor Peckham records the statemei^t that near Bu^jning Spiings 
We^it Virginia, petrcJleum was collected early in this century “ by dig^ng 
trendies along the margin yf the creek, down to a bed of gravel a few feel 
below the surface. By opening and loosening, with a spade or sharpenec 
stick, the gravel and sand, which is only ^out a foot thick, the oil mes t< 
the surface of die w’^ter with which the trench is partially filled. It w thei 
skimmed off with a tin cup and put up in I>arrels for sale. In this waj 
from 50 to 100 barrels are collected in a seasptn.” • 

From the remo^st periods, pit., and wells have been dug tn varioui 
countries for the •purpose of obtaining, petroleum. The account given b] 
Herodotus of the collection of petroleum, from such a well igear Susa ha 

already been noticed. ^ ^ . if 3 c -r i. 

The method adopted in the digging of wells in the oil-fields of Japan ha 
be^ described in detail by Mr. Lyman .*!■ It is stated that the work is 
carried ou by two men, one of whom digs in the morning, from nine o clocl 
• • • 

• “ Oompt. Bend.,*’ xcvii. p. 191. 
t Boports of the Geological Survey of Japan, 
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until noon, and tl^e other from noon until three. The one who is not 
digging, works a blowing machine which delivers f^esh air at tl\e bottom of 
the shaft. The blowing apparatus is a wooden box about six feet long, three 
feet wide, and two feet deep, with a cover of slightly less length and width 
turning upon a horizontal axis over a vertical partition, vjhich divides the box 
transversely into two compartments. The workman ccmtinually walks from 
one end of the cover to the other, his weight causing the ends to«be depressed 
alternately. At his first step on eaoli end he stamps his foot, and thus ‘closes 
with a jerk a valve (0.3 foot square) which 4 gain opqns by its own weight when 
the cover rises. The air is in this manner driven first from one end of the 
apparatus and then from the other info an air-pipe about 0.8 foot square, 
provided at the top with a valve for each end of the blower. The air-pipe is , 
constructed of wood, and is fixed in one corner pf the well, whichi^'is square. 
Tn the other corners are strong timbers which are held in their places by lighter 
cross-pieces so arranged as to form a ladder for descpndingand asqending. The 
earth or rock excavated is brought to the surface in rope nets attached 
to a rope passing over a wheel one foot in diameter, fixed under a roof 
covering the mouth of the well. The nets are drawn up by three men, two 
of whom stand- at the corner of the well on one side, while the third tifkes 
up his position in a trench two or three feet deep, and eighteen inches wide, 
dug parallel to the side of the well. The digger has a rope fastened round 
his body under the arms for the purpose of raising him from the well inf the 
event of his being overpowered by the petroleum vapour. The wells are 
about three an'd a half feet in diameter, and are excavated in the manner 
described to the remarkable depth of from 600 to 900 feet. At this depth 
there is so little light that the work has usually to be suspended at three 
o’clock in the day. The oil is skimmed from the surface of the water which 
collects in tho well, and is drawn up in buckets. Mr. Lyman is of opinion 
that it would not be practicable to introduce in Japan the system of drifiing 
with steam power adopted in America ajad elsewhere, on account of the cost 
of the necessary machinery, the difficulty of transporting the machinery in 
a country almost wholly without waggon roads, the heavy expense of fuel 
in the locality, and the small yield of the wells. 

The cost of a well 900 feet in depth in the Echigo field in Japan, is 
stated to be oilly about £ 200 ^ which Mr. Lyman considers to be little more 
tlian a third of the expense of drilling to the same depth in England or 
America.* Moraover,*^ dug well can be entered for cleaning or repairing, 
and such a well admits of the comparatively large surface for oil to percolate 
through being considerably extended by driving horizontal galleries from 
the vertical shaft. There arc, however, as Mr. Lyman points out, some 
improvements which might advantageously be introduced into the prdijent 
system. Thus, at present the ^ell'is lighted by means of a sheet of yellowish 
translucent oil paper fixed over tjie mouth at an angle of 45 degrees with 
the horizon across an opening in the roof of the grass hut covering the 
well, and Mr Lyman suggests that mirrors should?' be used to reflect 
light down the shaft and into 'the horizontal galleries. These galleries are 
at present so daik that they cfinnot be excavated to a greater length than 
about a dbzen feet. A flame cannot be used in the w^U on account of the 
presence of inflammable gas, but the incandescent electric light, if not too 
costly, might 6e employed, and the working hours thus extended. A better 
system of ventilation might also b© adopted ; and the use of pumps for 
raising the water and oil, as well as of a water-tight casing, which might be 
made of timber,*to prevent the influx of water, would also facilitate the 
collection of the petroleum. As an illustration of the cheapness of the 

« It may be added that a drilled and meed well of about thia depth frequently costs in t&b 
Baku oil-field as much as 
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present qrstem, the following particulars, given by Mr. 
authority of Mr. Kada, may be quoted : * 

• • • 

4 posts . * • 

I board (6 ft. by I ft.) 

12 cross- pie§es, $0.96 to $0.216 

Materials for one length (4 ft.) of timboring 
Materials for hut : ^6od, $1; rushes, $0 63 . 

I pair bellows 

I length of air-pipe (6 ft.) 

I Wheel (two neode^ for eadi well) . • 

I tank (6 ft. diametei, 0 ft. nigh) .... 

1 well bucket ^ . 

6 ft. straw r(fpe . 

oka (7 5000 ft.) small straw rope . . • . 

I pick (large one i6| lbs., small one 6| Ib.s.) 

I rake . . 

3 rope nets 

I oilpaper . . * • . 

I pot for boiling the labourers’ rice or water 
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Lyman, on the 


$ 

0.100 
0.120 
0.156 
0.376 
1.630 
3-750 
0.140 
1.200 
15.000 
o. 500 
0.012 

0.475 

7 

0.500 

0.350 

0.320 

0.620 


In the loc^ity where these prices prevailed in 1868, the wages of the 
diggers, not including food, were I0.18J per man per day, anfi of the common 
lahdorers, $0.10. One shoo of rice beer (sak^) vahie $0,065 however, 
to be provided for every four men The number of workmen needed was 
ac^rding to the depth of the well, as follows : 


From 1 to 10 fathoms 
10 „ 30 „ 

» 30 n 40 „ 

„ 40 „ 50 » 


3 men 

4 ,» 

5 

6 „ 


The depth of tlfe wells rarely exceeds 50 fatho ns. 

In the oil-fields of Twingaung and Berne (Yenangyoung district. Upper 
Burniah), the excavated wells are from four to four and a half feet 
si|uare. In tho former field thei^b is one well of the depth of 310 feet 
(the greatest depth of a Burmese dug w611), and another of 305 feet; 
the majority of the finished producing wells are, however, not •more 
than 250 feet in depth, the difficulties of getting beyond this depth, on 
account of the presence of petroleum vapour, and of the “•caving ” of the 
sides, being very great. Ur. Noetling divides the producing wells in the 
Twingaung field into two classes — namely, scarcely prqductive and pro- 
ductive. The former class do not yield more than it) visa (i visa - 3.67 lbs. 
avoirdupois) per well per dien., on the average, The*average yield of the 
productive wells is not less •than 80 to 90 viss per diem.# Some of the 
latter give from leo to 300 viss per diem,* and the daily yield of one is 
stilted to be 500 viss. Over the mouth ^of the well a cross-beam on uprights 
is fixed, and in the centre of this is a drumtnd axle fashioned out of a single 
piece of wood, and running in naturally ^rown fork-shaped supports. Over 
the drum runb a feather rope used to lower or raise the workmen or the 
earthenware pot (yenanoie) in wiiich the oil is collected. If possible, the well 
is so situated that the men or women who i*e drawing up the pot filled with 
oil, or the digger, walk dowivthe slope of the hill. In excavating the well 
the earth is loosemU by means of a heavy wooden lever, four or five feet in 
length, three or four inches in diame\Br at one end, and Japering to the 
other end, where it is strongly shod with iron. The loosened earth and 
pieces of r#ck are brought to the surface in a basket. * As the work pro^ 
oeeds the shaft is roughly timbered. The digger is lowered in a rope sling, 
and as no artificial light edh be used in the welV owing to the presence of 
InfiammAble gas or vapour, his eyes are bandaged before his descept, so jbhat 
*no time may he lost in his becoming accustomed to the comparative darloiess 
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m which he has to work when the well has reached a eonsiderabie depth. 
The presence of petroleum vapour renders breathing difficult, and Dr. 
Noetling found that the maximum time during which a young "and strong 
man was able to remain at work was 290 seconds. 

In Galicia and Koumania dug wells exist ; in Moldavia there are stated 
to be some interesting wells of this description, more thaii 130 feet in depth, 
lined with woven sticks. 

The most perfectly constructed petroleum wells of the excavated cla^s are 
those which exist^in Italy, at Montechino,* Piacenza. They are in some cases 
no less than 240 feet in depth, by from 8 'to 10 feet in diameter, and ore 
described us being perfectly cylindrical, and lined with large bricks firmly 
cemented together. These wells are stated tp have yielded from 160 to 
180 lbs. of oil each per day for the past eighty years. The dejth of the ' 
wells appears to be limited only by the difficulty of working in an atmosphere 
highly charged with petroleum vapour, several of those employed in the work 
having lost their lives by suffocation. " 

The quantity of oil obtainable from a dug well is in all cases comparatively 
small. Such a well does not usually tap the strata in which the petroleum 
occurs, and mayibe regarded as simply affording facilities for the collection of 
such oil as is brought tqjvards the surface through the action of water ^per- 
colating through the earth. 

* * 
XII. The Art of Artesian Well Drilling. 

•» 

The petroleum well proper is an artesian well, and, as has been stated, 
the development of the petroleum industry in the United States dates 
from the sinking of the first oil-well of this description. Artesian well 
drilling is doubtless an art of considerable antiquity in China, wells being 
successfully bored to great depths in that country with the simplest 
appliances, for the purpose of obtaining brine. LAbbe Hue gives an 
account of the process adopted, which i& worth quoting : — “ If there be a 
depth of three or four feet of 'soil on the surface, they plant in this a tube 
of hollow wood, surmounted with a stone, in which an orifice of the desired 
size of three or four inches has been gut. Upon this they bring to work in 
the tube a rammer of 300 or 400 lbs. weight, which is notched, and made 
a little concave above and convex below. A strong man, very lightly 
dressed, then moiyits on a scaffolding, and dances all the morning on a kind 
of lever that raises this rammer about two feet, and then lets it fall by its own 
weight. From time ‘to time a few pails of water are thrown into the hole to 
soften the rock and reduce it to pulp. The ra'mmer is suspended to a rattan 
cord, not thicker than your finger, but as strong as our ropes of catgut. This 
cord is fixed to the lever, and a triaLigular piece of wood is attached to it, by 
which another man, sitting near, gives it a hal'f turn, so as to make the 
rammer fall in another direction. At noon this man mounts on the scaffold, 
and relieves his comrade till the evening, and at night th^se two are replaced 
by another pair of workmen. When they have bored three inches, they draw 
up the tube, with all the matter is loaded with, by means of a great cylinder, 
which serves to roll the cord on. In this manner these little wells or tubes 
are made quite perpendicular [to a d^pth of from 1500 t6*i8oo feet, French] 
and as polishecj^as glass. When tb^, rock is good, the work advances at the 
rate of two feet in twenty ^four hours, so that about three years are required 
to dig a well.” 

Artesian well, drilling was first practised in Europe in the province of 
Artois, in France, where such a well exists iff the gardens of a former 
Dominican convent at Lillers, which is stated to have flowed continuously 
since the year 1126. , 
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In tlie United States, the first artesian well was drilled in 1806, with the 
object of obtaining brine, by the brothers Ruffner. The principal difiGloulty 
encountered Jjy these operators was that of preventing the dilution of the 
biine by the infiltration of surface water. In their firrfb attempt they em- 
ployed a straight well-formed hollow sycamore-tree, which they sunk in the 
mire and quicksaAd in the hope that they might succeed in bedding the 
lower end on the Solid r<»ck. A hard crust was, however, met with at a 
dep^h of 13 feet, throng which it was found impossible to force the tree 
trunk, and as the surface watei^ still gained acces^ freeW the attempt was 
abandoned. They then*coiiimeticed another well at a little distance, using a 
3 J-inch tube, made by boring lengtl^wise through a 20-feet oak log, but, again 
failing, *they retumed to the first well, and finally succeeded in sinking the 
“gum,”i;3 the hollow tree was termed, through the crust mentioned, to a 
depth of 16 or 17 feet, when solid rock was reached. Much difficulty was 
then experienced in making a water-tight connection between the lower end 
of the “ gftm ” arid the ‘rock, but this was finally accomplished by using 
wooden wedges. The brothers then commenc(‘d drilling the rock with a long 
iron drill, Bui*T>ended from a ‘‘spring-pole,” and provided with a 2|-inch 
chisel-shaped steel bit. Eventually in 1808, after much tedious labour, they 
completed a hole in the rock of 40 feci* in depth, or 58 feet from the upper 
end of the “ gum,” and obtained a plentiful suppler of brine. It was, how- 
ever, found necessary to devise sc^me means of preventing the dilution of the 
brine by infiltration of fresh water which still took plkco through the upper 
part of the well, and they accordingly set to work to manufacture two half- 
tubes out of strips of wood, joining the edges carefully, and binding the 
halves together with twine. This tube, with a bag ..f wrapping at the lower 
end, made to fit as nearly as possible water-tight in the 2j-inch hole, was 
then driven into the well, and was found to answer its purpose perfectly, the 
undiluted brine flowing up into the “ gum,” where a water-tight bottom was 
constructed to retain it. These particulars are of special interest, since there 
is the same necessity for preventfng* the influx of water in the sinking of 
petroleum wells. Soon afterwards tin tub^, and then copper tubes with 
screw joints, wore substituted for the wooden tubing, and the bag enwrap- 
ping was replaced by a. more efficient arrangement termed a “ seed-bag.” 
This device consisted of a piece of buckskin or calfskin* s^wn up like the 
sleeve of a coat, so as to form a tube some 12 or 15 inches in length, and of 
about the same diameter as the well. This was slipped over the well-tubing, 
and the lower end having been securely bound to fhe tuBe, was filled to the 
depth of 6 or 8 inches with flax seed, either alone or iliixed with gum traga- 
canth. The upper end haviftg then, like the lower, been boujid to the tubing, 
b\|ifc not securely (so that the bag would enfpty itself if it became needful to 
(haw up the tubing), the arrangement was lowered into the well to the 
required depth, and the* contents of the* seed-bag soon swelling by the 
absorption of water, a water-tight joinlfwas made. 

Of the t )ols devised to facilitate the operation of drilling, none is of greater 
value than the fars. This appliance, which may be likened to a couple of 
elongated and flattened links of a chain qf nstructeci to slide freely the one 
within the other, v\as invent'd in 1831 by William Morris, l^s function is 
to give the drill %liarp jar on the upward stroke, thus loosening the bit if 
it has become jammed in the rock. 

The spring-pole employed by the brothers Ruffner consi^d of a straight 
sapling 4c^or 50 feet in length, denudftd of its branches, and fixed in the 
ground at an angle of about 30" ovea the spot where the well was to be 
arilled. From the uppeifand smaller end of tlifr tree the drilling tools were 
suspended, and tlie requisite movement was ppparted by pulling down the 
• end of the sapling, and theh allowing it to spring back. 
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The plant emplayed in hand-drilling in Galicia is shown in Fig, 76. It 
consists, as will be seen, of a derrick provided with a powerful windlass A, 
by means of which a gang of men can draw up the weighty drilling-tools B ; 
a smaller windlass hr winch C, for use with the aaifid-pump D, and a long 
massive beam E (pivoted not far from one end), from which the tools are 
suspended in the well. The hit or drill F is eitlier chisel-shaped, or more 
often of such a form that it may be described as a^combination pf the chisel 
and the gouge. It is attached to an apparatus known as the free-fall jaitSj G, 


Fig. 76. • 



which consists of a rod .working freely within a casing or tube ; the rod is 
provided with a pin or^stud riin4ing in a longitudinal slot in the tube, and 
this slot is prolonged at a right angle at its upper end, forming a catch for 
the pin. It is obvious that by slightly turning the rod when it is fully tele- 
acoped into the tube, it may thus be held or released. The tools are attached 
to the beam through the medium of iron rods H, screwed together, which 
are added successively as the depth 6f the well increases. Each* windlass is 
provided with a brake A', C'. It is* usual to commence drilling from the 
tK)ttom of a square shaft eijccavated as deep as possible, and the operation 
consists in, drawing down thejonger portion of the beam until the end strikes 
against a wooden lalock I. At this instant the driller gives a slight turn to* 
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the tools, by means of the lever K, the^pin of the jars is released from the 
catch, and the bit falls a distance of three or four feet, delivering a blow upon 
the rock the bottom pf the well. The longer end of the beam is then allowed 
to rise, and \he jars ‘being thus telescoped or closed, ihe driller gives the 
tools a turn in the reverse direction, and thus again brings the pin into the 
catch. The beam^s usually about 30 feet in length, and pivoted about five feet 
from one end. A*gang (jf six men is required for the work, in addition to 
the driller? Drilling By this method is necessarily very slow, the usual 
nufiiber of strokes which the writer has seen delivered per minute being six 
or seven. More^over, the^ migAinum weight of the toWs capable of being 
used with a hand-i-ig is not sufficiently great for expeditious work or deep 
drilling, and, in f^t, very hard strata can scarcely be penetrated with such 
a system. When the bit* requires dressing, cp* the hole is full of detritus, 
the drilting tools are drawn up into the derrick by means of a wire rope 
coiled on the larger windlass, the rods being disconnected one by one. The 
well is thr^ cleared out y/ith the sand-pump D, which is a cylinder provided 
at the lower end with a valve opening inwards. The sand-pump is lowered 
into the well^by the» use of the smaller windlass, and when it reaches the 
bottom, the valve is pushed open by the projecting stem L, and the mud flows 
in. As the cylinder is raised, the val^e, of course, closes. * 

’ Horse- power and steam-power were employed* in drilling wells for brine 
in the United States before the drilling of the first petroleum well in that 
cbuntry. * 

XIII, The Production, TraneiJ)ortation, and Storage of 
Crude Petroleum in the ITnitel States. 

The first operation connected with the drilling cf a petroleum well is the 
construction of the derrick (Figs. 77 and 78, pp. 140 and 141). This structure 
is pyramidal in form, and consists of four strong timber uprights held in posi- 
tion by the necessary ties and diagonal braces, and resting on stout wooden 
sills. The height of the derrick is deteri di^d by the depth of the well, or, 
more strictly speaking, by the length of the “ string” of drilling tools. In 
districts where the wells are comparatively shallow, lighter and shorter 
strings of tools can be* employed, afid here the derrick js not more than * 
30 feet in height, but in drilling to the considerable depth necessary in 
the principal oil- fields of the United States, where the oil-bearing rock lies 
at a depth of a couple of thousand feet or more ^leneafh the surface, long 
and heavy strings of tools have to be used, and her® the derrick is at least 
70 feet, and sometimes mora, in height, by about 20 feet square at the base, 
apd 4 ff^et square, at the summit. The corner timbers or the derrick are 
t )rmcd of two 2 -inch planks spiked together at right angles, and are added 
in successive lengths as the structure is bi^lt up story by story. Surmount- 
ing the derrick and holding the upper onds of the four comer posts firmly in 
position is the croton-block of massive timber. The floor of the derrick slopes 
slightly downwartis from the centre, and the lower part of the structure is 
boarded in and roofed. Up one side of the derrick, a ladder leads from the 
base to the summit. Immediately outside the derrick on the strong wooden 
foundation stands the JSamson-post, a massive square pillar of wood, which 
carries the wcdking-heam. Inside th^erriek is a smaller upright, termed the 
headache-post or Ufe-preservei\ to support the end of the WOTking-beam when 
disconnecjed. The end of this beam outside the derrick is connected by means 
of a rod termed the with a crank attached to the axle of the hand-wliiceL 
<rhi8 wheel runs in bearings on a couple of uprights, and is caused to revolve 
through the medium of a band driven by a steam-engine in an adjoining 
• shed, a rocking movement being thus imparted to the walking-beam,* The 
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Lbtteks of Refbebnce to Fiq. 77. 


A Derrick. • • 

A' Boiler. 

B Demok girtn. 

C Derrick sill. • 

D Brace. • 

E Derrick comox. 
r * Crow^j pulley olook. 

G Derrick floor. 

H Derrick floorr sill. 

•I Water tank. 

,7 Foundation post. 

K Mud sill. ^ V 1 

If Brace fron^^»ack bull-wheel 
post. 

M Bull-wheel. 

K Sand-reel lever handle. 

O Main sill. * 



S Bafid wheel. 


I 

T Sand-reel friction pulley. 

U Walking beam. • 

V Pitman. 

W Headache, or Deadhead 
. post. 

K Drilling cable. 

^ Y Rope socket. 

Y* Sinker bar. 

Y« Jari. • 

AiJger stem. 

Y* Bit. , 

Z Temper screw. 

Drilling hook. , 

Adjuster board. 

Reverse cord to engine^ 
link. 

a- Pulley for reverse cord, 
b Sand-pump line, 
b^ “Telegraph” to control 
engine. 

b“ “ Telegraph ” pulley. I 


c Band wheel crank, 
d Bailer, or Sand pump, 
e Derrick ladder, 
f Bull rope. 

P Bull rope couplings, 
g Bull wheel brake band, 
h Brake lever. 

i Bi ace of back jack-post, 
Engine belt. 

k Centre irons. 

1 Brace of engine block, m« 
m Engine block, 
n Engine. 

p Samson post brace. 
f| Jack post brace, 
r Sand-reel lever, 
s Band-wheel shaft, 
t Sand-pump puljey block. 

ii Sand-reel draw bar. 

V Pitman stirrup. 

^ Drown pulley. 



C Derrick sill. • 

E Derrick corner. 

G Derrick floor. 

Well hole. 

H Derrick floo?; b*H. 

K Mudsill. 

M Bull-wheel. 

Bull-wheel post. 

M‘^ Bull-viheel shaft. 

O Main sill. 

• 0 * Sub, or Counter sill. 
P Saiijson post. 

^ Q Front jack-x)Ost. 

Q' Back jack-post. 

R Knuckle post. 


rrBKS (ff' Rbpebbnoe. 


Ri Sand-reel back post, or Tail piece. 
R 3 Tail sill 
S Ban^ wheel. 

SI Tug pulley. 

T Sand-reel brake pulley. 

T' Sand-reel friction pulley. 

T^ Sand-reel sl^ft. „ ^ ^ 

W Headache, or Deadhead post, 
c Band-wheel crank, 
i Brace of back jack-post, Q . 
p -Samson-post brace, 
g/ Brace of front jack-post, Q. 

^ Brace of back jaoVpost.i^h 
Band-wheel shaft. 


7 Sand-reel draw bar. 
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steam-engine is of the horizontal pattern, and from 12 to 15 h.p. The boiler 
is of the locomotive t^ pe, and is usually fired with natural To the side 
of the derrick opposite the Samson-post are fixed the.bearingsi of the 
whed, a wooden windlass of massive construction, used for lowering and 
raising the drilling tools. The bull-wheel is driven by the Ml-rope, a 2-inch 
plain-laid cable, joined by iron couplings, which runs, crof^sed, in grooves in 
the bull-wheel and in the drive-wheel on the band^/heel shaft. , The bull- 
wheel is provided with a powerful band-brake. A second windlass, termed 
the sand-red, is also provided. This windlass, which is much smaller, is used 
for raising the detritus and water from the'^well. it is fixed close to the 
band-wheel, and one of its supports is - pivoted to the foundation of the 
derrick. Attached to this support is a rod which passeS into the derrick, 
where it is connected with a veiiical lever. By pulling this lever the slightly 
conical wheel on the sarui-reel shaft is brought into contact with the band- 
wheel, and thus has motion imparted to it by friction. The driller can thus, 
from the mouth of the well, start or stop the revolution of the sand-reel. 
An endless cord, termed the telegraph, passes round a pijlley on the throttle- 
valve of the engine, and a similar pulley in the derrick ; the feversing link 
is also operated U; a cord from the derrick ; the running of the engine can 
thus be controlled from the interior ‘of the derrick. The bull-wheel being 
driven through the medium of the band-wheel, the pitman which gives 
motion to the rocking-beam is disconnected when the bull-wheel is used, and 
similarly the bull-rope is thrown off* when the pitman is in use. I'he cable 
used to support the drilling tools is r 6-inch (2 inches in diameter) untarred 
Manilla rope. It passes from the great windlass over a grooved wheel 
termed the crown-joulley, fixed in the crown-block at the summit of the 
derrick, and thence to the drilling tools. The following are the particulars 
of the strinff of tools employed (see Figs. 77 and 79). 



lipniith. 

Wolght. 


Ft. In. 

lbs. 

Kope-sockot . • 

. . ‘ ‘ . 3-0 

90 

Sinker-bar . 

. 12.0 

400 

Jars 

. . . . 6.0 • 

300 

Anger stem . 

. . . . 32.0 

1050 

Bit 

• . ♦ » . 3 ‘ 4 - 

140 

€ 

56.4 

1980 


These particulars are, taken from the catalogue of the Oil Well Supply 
Company, of Bradford, and Oil City, Pa., dated 1884. Mr. Oarll gives the 
length of a string of tools as 62 ft. 1 in. and the total weight as 2100 IbvS., 
the chief diff'ere.vice being in the.length and weight of the sinker-bar. Still 
heavier strings of tools are now employed. The sinker-btfr and auger st^ Ji 
are of round Norway iron, about 4 inches in diameter. The bits are faced with 
steel and range in width from ab6ut^4^ inches to more than a foot, by about 
4 inches in thickness. The various component parts of the string of tools 
are connected by conical male and female screws, the ends.being squared for 
the application of a pair of po^^erful wremhes, Fig. 79. The tools are 
connected in the order cn which they are given in the table, and the end of 
the drilling cable is held by the rope-socket. 

The ja/rs practically divide the stripg of tools into two sections, the one 
delivering a blow downwards and the. other a blow upwards. The auger or 
drill, which cuts an(l pulverises the ^k, consists of the bit, or cutting tool, 
the auger stem, to provide the nece^ary weight, and the lower link of the 
jars. The sinker-bar and upper lihk of the jars provide the nec^ry 
momentum for delivering an upward blow on the inside of the lower link of 
the jg^rs to loosen the drill va case it is jammed in the rock by the down- ^ 
stroke. \ 
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; in- diameter, 3a feet long. 
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The necessary outfit includes, besides bits of various sizes, rectwwrtf, 
to enlarge the bor^ of the well; winged Fig. 8i, placed 

the bit to keep it from glancing off ; larger jars, tsrnper-acre^, and damp$^ 
Fig. 79, wrenches (already referred to), sand-pumps^ Fig. 82, to remove the 
detritus, and hailer, Fig. 82, to remove water from the \^ell. The temper- 
screw hangs from a hook on the end of the walkiilg-beaiji over the mouth of 
the well, and its function is to provide for the gHl^ial loweringiof the tools 
as the drilling proceeds. At the lower end of the temper-screw are the 

Fig. So. * * Fig. 81. *• • • Fjg. 82. 



f (?' 

clamps, which can be screwed together so as to grasp the drilling cable at 
the required point. The sand-pump often consists simply gf a plain cylinder 
of galvanised iron, as shown in thi bailer, Fig. 82, usually about 6 feet in 
length, but sometimes considerably more, provided at the bottom with a 
valve opening inwards. The valve h> furnished with a stem projecting down- 
wards, BO that when the empty cyliiider is lowered to the bottom of the well, 
or the cylinder, after becol^ing filled with water md pulverised rock, is with- 
draym from the well and) lowered into a trough, the valve is pushed open. 
In the fonner case, the opening of the valve admits of the entrance of thi. 
detritus, the valve closing* ly gravitation as the cylinder is raised ; in the 
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Fig. 83. 
HORN 
SOCKET, 
With or witboal 
Adjustable Bowl 


latter case, the openixig of the valre allows of the escape of the materiat 
removed frgm the well. • Another form of sand-pamp has, in addition to the 
bottom valve, % plunger attached to an iron rod passing through a stirrup 
spanning the top of the cylinder, as shown in Fig. 82. The apparatus is 
suspended from the upper end of the plunger rod, and when it reaches 
the bottom of the well,^tjj^e slackening of the rope allows the plunger 
. to descend to the bottom of the cylinder ; on tightening the rope, the 
plunder is first raised, the entrance of tho detritus be^ng thys facilitated, and 
when the plunger has ceached» the stirrup the cylinder 
itself begins to rise. The rope to whjch the sand-pump is 
attached Jmsses ovei>a small pulley at the top of the derrick 
i and thenci to the sand-reel. The bailer is similar in con- 
struction to the simpler form of sand-pump, but is pinch 
longer, and is employed, as its name indicates, to remove 
water or oil from the welL 

Besides the drilling tools enumerated, a number of 
appliances tevniedJisMnff tools ^ Figs. 83 to 87, have to be 
provided. Of these there are hundreds, if not thousands, • 
of forms, and considerable ingenuity has been expended in 
devMng them. (The uses of those figm-ed are described in 
the notes appended.) By means of the ponderous pole.- 
which are screwed together length by length, until an 
ii*on rod of sufficient length to reach to the bottom of the • 
well, and weighing many tons, is formed, it is possible, at 
a depth even of, say, 1500 feet, after having cut off a 
broken cable from the rope socket, to unscrew a string of 
tools and raise the component parts one by one, 01 even to 
cut a thread on the end of a fractured sinker-bar or augei^- 
stem, and thus obtain, by screwing, a firm hold of the tool, 
so that it can be brought to the suifacS. Among the other 
instruments are the various grah 9 (Figs. 8^-86), some of 
which are designed to* pick up any small object that may 
have been lost in the well,, such as a vaWe cup. 

Before proceeding to describe in detail the operation of ** 
drilling a well it will be advantageous to consider the ar- 
rangements usually made in the United States in obtaining^ 
a site for the well. The development of the oil territory in 
Pennsylvania and New York ha:, shown that the producing 
fields lie on what is termed rtie lin^y wjiich is a line 
runijjng north-east aod south-west, and accordingly, in the 
extPT.sion of territory, preference is usually given to sites 
lying on a line drawn in Ihis direction thfough existing 
productive wells. It is also considered hf some that a well 
which enters tho oil-bearing rock at a 83mclinal is likely to 
yield more largely than a well which taps the same rock at 
an anticlinal. Drilling on a hillside or on tlie summit ef a hill is not found 
to have any disadvantage, as compaied with drilling in a valley, ether than 
that which attaches^t) the circumstance Jhat the oil-sand may lie at a neater 
distance from the surface in the former c%se. Wells drilled intuntried terri- 
tory, or at a considerable ffistauce from other wells, ar^ termed wildrcat 
wells. The qpst of drilling being considerlible, and the risk of getting a d/ry 
hohy or unproductive well, being in some^districts ^^y no means slight, the 
prdfluction of petroleum is Usually, but by no means invariably, carried out 
by a compimy rather tban by an individual. A pJbmising site having been 
^ected, the land is occasionally purchased outright, but more commonly 
it is leased, the owner receiving, it may be, $100 or $150, or more, per acre, 
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large bole. 

To take bold of tnjr 
Jooeetooltlo Cut 



146 


DRILUHfe PLAZTT ^TSED IN AMERICA. 


ROPE SPEAR. 


TWO WING ROPE 
GRAB. 


Fig. S4. 

FISHING TOOLS. 

THREE WIN<i ROPE 
GRAB. f 

f- 

* A 


I 


To tal^c hold of the rope when it b 
broken off in the well. 


To catch end of the ro^ 
when it has parted in the 
wdl. 


VALVE ROPE 
KNIFE. 


/iDJUSTABLE V ‘^ROPE 
ROPE KNIFE. 
KNIFE. 


§ 

. I 




ho6k rope 

KNIFE. 


Used a string of 
tucker rods' 


To cut the rope when the tools mcefost in the well. 


SUCKER ROD JARS. 



To attach to 8iickr>- rods for 
cutting rope in the well. 


Showing rope knife cutting olT 
rope in the well. 



Wm. 


DBUXOrO FUm 178ED IK AUKBICA. 


H7 


MOUSE TRAP. 



Fia. 85. 

FISHING TOOLS, 


HOLLOW RfeAMER. 


i • 



GRAB. 





To fake hold of anv looie 
tool, below the collar, when lx)x 
or pin is broken off. 


BOOT JACK. 



To take hold of lower 
lialf of jars, under the head, 
when the upper half is broker; 
off. 


TUBING SPE \R TUBING SPEAR JAR SOCKET. 
AND SOCKET. AND SOCKET. • 


SAND PUMP 
OR BAILER 
GRAB. 



fror cutting and fishing 
rope whan malted in 
rrell ; U will also take 
•OMill pieces of iron or sti 
6r any small object. 
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, Fio. 86. 

FISHING TOOLS. 


HOOKS FOR STRAIGHTENING BIX ALLIGATOR GRAB. 

OR REAMER. , * 



Steel or other small article 

To straighten a bit or re.imer lost in the well when it lies ^ 

agauat or has been jai imed in the well— the hook the well, 

goes round the shank. 


MANDREL 

SOCKET. 



Section of 
MANDREL 
SOCKET. 


GRAB FOR 
PACKER RUBBER. 



fRASP. 

(Two WiNOS. 



IFor rasping or reducint 
the size of a box or 
collar on lost 
tools, so that a 
iiihinf tool 
con take 
hold. 


To Uke hold of cu!i^ that has eollapted or become 
broken in the wdL 
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• 

and a certain proportion (one-eighth or more) of the oil produced. 
drilling is commonly done by contract, the producer putting up the derrick 
and furnishing the engine and boiler, while the drilling contractor finds the 
tools and taTces all risks of accident or failure to complete the well. The 
drilling cfrm consists of two driUers and two tool-dresserSi working rin pairs 
in two tours (noon to midnight and midnight to noon). 

The first step m th§ 4 *^illing of a well is to sink a conductor through the 
surface ground to the solid hed-rock. When the superficial clnys and gravels 

• • •* Fio. 87. * * 

• FISHING TOOLS. 

* TWIST DRILL. TWIST DRILL SPEAR. 



When the top of a lost tool has been bat- 
tered down so large that it fills the hole, 
and there is not room for a fishing tool to take 
hold, this drills a hole in the top in which is 
inserted the Twisty Drill Spear. Used on 
tubing. 



d'o catch a lost tool after the Twist Drill 
has made a hole. Used on tools. 


VALVE CUP GRAB, 


rope worm. 


To take out valve cups when 
they have dropped from , 
the v.dve. 


! 


To take rojjc oift of 
tubing. 


are not mor;i than 10 or 15 feet in thickness, a common well-shaft, 8 or 10 
feet square, is dug to the rock, and a wooden conductor, somewhat grater 
in internal diameter than the proposed bofl? of the upper part of the well, w 
placed so as to extend from 4>he surface of the rock to the floor qf the demok, 
the junction betvT^en the conductor and the rock being carefully mth 
a view of excluding gravel and mud*jfrom the well. When the depth 01 
surface-ground is too greatt to admit of digging down to the rock, strong iron 
piping, teigned d/rivs-'pvpSn furnished at the lower end ‘with a shaiT^dged 
shot, is forced down by means of a mall working in guides, as in pile-dnvmg, 
I’ig. 88. When 200 or ^00 feet have to be thus driven, as is som^im^ 
the case; the presei'vation of a vertical line demands a good deal ^skil j. If 
the bed-rock is reached at a less distance than about 60 feet from the surface> 
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the drilling tools cannot at first be used 
in the ordinary manner, and the drilling 
has then to be commenced by the opera- 
tion termed spudding. In this opem- 
tion the drilling tools suspended by the 
cable are raised and dropped by tighten- 
ing and then slackening the cable, which 
for this purpose is coiled two or three 
times roiind the axle of ,the revolving 
bull-wheel, the end being held by the 
driller, or tlie cable is attached to the , 
crank of the band-wheel through the 
medium of a jerk-rope. Thft action of 
the jerk -rope is shown jn Fig, 88, the 
arrangement of the rope for driving 
pipe and spudding being similar. A 
sufiicient depth having been thus 
leached to admit of the regular use of 
the drilling tools, the cable is properly 
coiled on the bull-wheel axle, the buvl- 
rope is tlii'own off, the pitman connected 
with the crank, and the string of tools 
lowered to the bottom 6f the well. The 
jars having closed by the slackening of 
the cable, the slack is taken up by turn- 
ing the bull-wheel by hand until the 
cross-heads of the iars come together. 

A few inches of cable being then paid 
out, and the temper-screw suspended 
from the walking beam being screwed 
home, the cable is grasped by the clamps 
at the lower end of the temperiscrew ; 
sufficient cable being then uncoiled from 
the bull-wheel, the tools are suspended 
from the walking-beam, and, upon the 
beam being set in motion, the tools at 
once begin to rise, and fall, the rate of 
movement being so timed that the drill / 
delivers forty or fifty blows a minute, j 
If the vertical movement is 24 inches, / 


DRIVING PIPE. 
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the sinker-bar first moves, say, four irfches on the up-stroke, the cross heads of 
the jars come together with a sharp blow, and the auger-stem is lifted 
20 inches. On the doim-stroke the drill falls 20 inches, and delivers its 
blow upon the rock at the bottom of the well, while ^he sinker-bar goes 
down 24 inches to telescope the jars. An unskilful driller sometimes closes 
the jars, this being especially liable to occur if the well is deep and contains 
much water, and thps woilcs for hours without accomplishing anything, for 
the tools nfay be restii!g*on the bottom or remain suspended; but an 
exp^t can tell, by grasping the cable, whether the drill is working properly 
or not. As the jar” .gr^ws ^feeble, it is “ tempered 'i to the requisite 
strength by slightly lowering the temper-screw, which practically lets out a 
little more cable, ^ome of the best Unllers, however, work by the spring of 
the cable a^one when a sufiicient depth has beei? reached, and only use the 
jars whe^ the drill jams. . This operation is termed “ bouncing the drill.” 
As the drilling proceeds, the driller, who has his haiHi on the temper-screw 
lever, gives.the cable a 8%ht twist, and thus causes the chisel end of the bit 
to do its work evenly over the entire surface of the bottom of the welt, 
When the whole len^h of the temper-screw has been let out, or the bit 
requires dressing, the engine is stopped, the bull-wheel connected, the pitman 
detached from the crank, and the tools drawn up into th^ derrick, so that 
the 'iower end of the drill is above the level of the^oor. Tl 0 wrenches are 
then applied, the bit is unscrewed, and a fresh bit attached. The dressing 
of" the bit consists in heating the cutting end in, the forge fire, and 
hammering it out to a blunt edge of the required width. The principal 
object of the dressing is to preserve the necessaiy width* for this width 
determines the diameter of the well. The writer has seen a bit diminished 
in width to the extent of half an inch during its use in the pulverising 
of a very few feet of hard rock, while the cutJng edge was not greatly 
bluided. Before the tools are again lowered, tiie sand-pump is used to 
l emove the detritus from the well, and the hole having thus been cleared, 
tiir brake is released and the toolg allowed to run down. If the well has 
reached a considerable depth, the velocity \^ith which the tools descend is 
such that the massjye derrick vibrates to its foundations, but the ^riller, 
w ith his hand on the brake and carefully watchmg for a piece of string tied 
round the cable at the required point| reduces the spegd t Jt>ef ore the tools 
reach the bottom. The cable having been, as before, graspelfi by the clamps 
(the temper-screw having been again screwed home), the pitman is con- 
nected, the bull-rope thrown off, and drilling recomj?ienced. At night, the 
derrick is lighted with a primitive form of lamp, which may be likened to 
an iron kettle with a spout oq each side, in which crude petroleum is burned. 
In wdnter the derrick is frequently warmed by a simple stoi^e, consisting of 
0 cylinder of sheet iron, in which natural gas is burned. 

When natural gas is obtained in sufficient quantity to furnish fuel for 
the boiler, it is conducted from the well yii'ough a 2-in. pipe, connected with 
the casing, and passing into the fire-box. A ^in. steam-pipe, fitted with 
an elbow and |-in. jet, is inserted in the gas-pipe close to the fire-hox, and 
a current of steam is thus caused to issue wjth the gas. This apparatus acts 
as an exhauster, drawing the gas from th^f well, and* preventing the flame 
from running b^ls^ ^ • 

The operation of drilling is, as already stated, continued day and night, 
but seldom proceeds very long without the occurrence oi some accident 
which necessitates the use of fishing-to^ls. Sometimes ^t happens that the 
fishing opelfation is unsuccessful, and after months of labour the well has to 
be abandoned with a striqg of tools ifi the hola. In rare instances, after 
ineffectu|d attempts to raise tools which have become detached, it has been 
.found possible to drill past them. The time occupied in drilling 4 x) a depth 
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of 1700 feetf the nature of the acciient^ which may dccur, and the extent of 
the delays thus ocoasioDed, are shown in the following record relating to a 
well drilled in the Bradford held : — ^ 


Dennia Well^ I^o. r, 

f^ituated on the Rogers Farm, J mile S., 25“ W., of Bradford, McKean 
Co., Pa. * / ^ 

•Dally Advanced, Depth, 

1877 Feet. Feet. 

Nov. 29 Condo -^tor 21 ft. previously set . 12 to 33 

„ 30 Thawing supply pipes — — 

Dec. I Pulling tubing from water wel) ... — — 

„ 2 (Sunday) — 

» 3 • • • 34 »» 67 

,, 4* * * * * * * ' , * 4^ )i ^ ^ 5 

)fS* *1* * * * * * * 60 ^75 

i, 6... 3^ >t 210 

„ 7* • • • * • «•% 30 j, * 260 

• „ 8 Engine gives out 31 ,,291 

,, 9 (Sunday) — 

,, 10. . . . . . . . . 49 t* 39® 

„ II . « • . . . . * . . 45 ,, 435 

„ 12 Putting in casing . ...... 10 „ 443 

„ 13 . . .* 10 „ 546 

,,14* • • • • • • » • S6 ,, 632 

II . • . . . . > . 6(3 II 6q8 ^ 

„ 10 (Sunday) ■' — — 

11 17 ft • • • ft • » 7^ 11 77^ 

I, 18 ‘ . 68 ,,838 

,1 19 . 81 I, 919 

„ 20 34 ,,953 

„ 21 34 ,,987 

I, 22 . . . . • • . » » 34 ,,1021 

„ 23 ^unday) — — 

„ 24 Broke jars and lost tools at 1056 ft. , . 35 „ 1056 

„ 25 (Christmas) , — — 

„ 26 Fishing — — 

„ 27 Fishing — — 

' ,1 28 Fishing, got tools out, mintis bit ... • — — 

„ 29 Fishing — — 

„ 30 (Suu^ayl . . . I . . “ — — 

„ 31 Fishing , , — — 

1878. 

Jan. I Fishing. Pin broke above jars ... — — 

„ 2 Fishing > — — 

„ 3 Cleared the hole • , . . . 7 „ 1063 

„ 4 ' • • • ..... 7 ,» 1070 

I, 5 • • • • *5 n 1085 

„ 6 (Sunday) ^ 

ff 7 * * • • * * * ^5 7> 1100 

„ 8 . . • . ' * . . 16 „ 1116 

„9« • • • • • • 9 », 1125 

I, 10 19 ,,1144 

I, 1 1 . • i * . • • • • 31^ „ 1^75 

,, 12 . . •■. • • • • » . 39 •• 1214 

„ 13 (Sunday) — — 

I, 14 • *'• • . . . 4® I, 

» I5‘ 31 1287 

,1 16^ . * . . . , , • • 4^ ' ,« 13^7 

„I7» • • • • • • • • 29 n ^346 

,» 18 . • . • . • • • 55 I, 1401 

„ 19 • V. • • • w* • • » 49 II 145® 

„ 20 (Sunday) ....... — u — 

„ 21 . . . ^ . » t. . . • 27 ,, 1477 

f) 22 • • • • • « • ft^* 38 ff ^5^5 

II 23 » 35 ,» '*55® 

„ 14 Bull-wheel broke down . • • . 12 „ 1562 
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1878. 
Jan. 25 


Feb. 


rope in hdle 

27 (Sunday) .... 

28 Fisliii^ .... 

29 . . . • . 

30^ Struck the oik sand at 1664 ft. 

31 . . . • . 


Dtilj Advanced, 

ncpth, 

Fact. 

Feet. 

91 to 

*583 

of 

. 6 i 

Jfi4S 

« — ■ 

— 

, 

— 

17 

1662 

9 

1671 

14 

1685 

• 14 

1699 

. 20 • „ 

1719 


Total time of drilling, about 47 (Jays — 66 days from time drilling began 
to completion of «vell. Average progress, about 36 J ft. per day. Best 
24 hour^ '^ork, loi ft. Well drilled dry; cased at 435 ft. Torpedoed on 
completion, when it gave a* heavy flow of oil for a short time, and afterwards 
yielded about 35 barrels per day. 

It will Hce observed that the well in question was increased in depth 
55 ft. after the oil-sand had been reached. It is usual thus to drill into thb 
oll-lauu'ing i-ocdc witlftbe object of obtaining a considerable extent of surface 
fo’" the outflow of oil into the well. During this operation the oil frequently 
flows from the well mouth, and in order to prevent loss, the drilling is 
carried on through an oil-saver^ which is a cap fft/ted to the casing of the 
v^pll and provided with a lateral pipe through which the oil can pass to a 
receptacle. • 

Every well in Pennsylvania is naturally divisible into three sections, viz.: 
(i) surface clays and giuvels, (2) stratified rocks containing more or less water, 
(3) stratified rocks seldom water-bearing, including ^he oil-sands. The first 
division requires the conductor already described, and the second division 
requires ceasing to* shut oflf the water from the +hird section. The earlier 
method of excluding the water, by placing a seed-bag round the tubing, has 
already been mentioned. This method was found unsatisfactory, as the tubing 
coidd not be removed for repairs wJthdut disturbing the seed-bag, and letting 
water into the well. In 1868, cast-iron drive pipe was adopted as a substi- 
tute for the wooden conductor used in the earlier wells. The most 
important alteration macje in 1868 was, however, the introduction of 3i-in, 
coahig as a permanent fixture. This (jasing extended tcTtlfe bottom of the 
water-bearing rocks, and was furnished either with the seed-bag or with a 
leather cup, which was forced open against the sides of the well by the 
pressure of the water. Tubing of 2 in. diameter, End extending nearly to 
the bottom of the well, was then placed inside anct suspended from the 
casing. To obtain a supply «f water for the boiler, a small pipe was inserted 
between the casing and the drive-pipe, int<f the water chalhber above the 
KCcd-bag. Although the 1868 well wa| a great improvement on the earlier 
wells, it possessed defects.* Thus, the casing being 3 J-in. internal diameter, 
while the uncased part below it was 5j-‘in., fishing tools could not be easily 
introduced, end if it became necessary to deepen the well, only a 34-in. bit 
could be used. Tne improvements which followed are best exemplified by 
the description of one of the weUs of 1878;^ This well has an 8-in. wrought- 
iron drive pipe, armed at th^ bottom with a steel shoe. The pyje is driven 
down to the bed i^k, and an 8-in., or, strictly speaking, 7 J-in., hole is drilled 
to the base of the water-beai ing strata? At this point the bore is reduced to 
5§-in., and there a bevelled shoulder* is made in the rock* 5|-in. artesian 
casing, provided at the lower end with a** collar to fit the bevelled shoulder, is 
then inserted, and a sufficiently water-tight joint is thus made. Drilling with 
5j-in. bits is then continued until the required' depth has been reached. 
This system admitted of the drilling of the weH with only sufficient water in 
the bore for sand pumping, the water being shut off as soon as Lhe sJ-in. 
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drawinini of three OU Wells in Vennsylvania, showing euecesrive varUtions In stylo 
of drill-hole, drive-pipe, seed-bag, tubiug and casing, from 1861 to 1878. 
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casing was introduced, while the 1868 system necessitated the com- 
pletiw of the well before the introduction of the casing, and therefore the 
well had tc^be drilled in* water, the buoyancy of which interfered with the 
action of the "drill. The characteristic features of th^ three systems are 
shown in Figs. 89, 90, and 91. The casing, consisting of strong wrought- 
iron lap-welded tuning, is ^dded in successive lengths screwed together. 

• * * .* Ficj. 90. 



0 • 

The depth of the* wells increased frgm 436 feet in 1861 to 1606 feet, or 
more, in 1878, Fig. 92. The time occupied in the drilling of^ well of given 
depth is, of course, largely "dependent on the character of the strata.^ The 
variations which may occur are shown in Kg. 93 (p. 15^)* W^hington 

fi^Jd the average depth of the wells is about 2400 feet, but when the writer 
visited that field in 1886 he was informed tliat there was a producing well 
of the depth of 2598 fee*, “d ** “ that there is an unproductive well, 

or “ dry hole,” which has been carried to the depth of 43^3 f®®t. Only the 












whether the rock is hard or soft. 
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most experienced drillers are able to work successfully at such great depths, 
and even ^killed workftaen occasionally fail, for therb are wells in the 
Washington field which have been abandoned with thre^ sets of tools in the 
hole. The chief difficulty encountered arises from the caving of the rock. 
The average time^occupied in the drilling of a well in this field is four 
months, and the cost/ of th^ well is as much as $8000, while the cost of wells 
in the Bradford field <Joes not exceed $2500 to $3000. Drilling in the 
Washington field is paid for at the rate of $1.75 to $2.00 per ft . ; while in 
the Bradford field the »pa.yme3ii for this work is at idie rate of from 
45 cents to 60 cents per foot. At ^ this rate of payment, the well-owner 
provides’ the derrirjk (which costs about $500), the boiler (about 25 h.p., 
costing ^;^out $500), the engine (about 20 h.p.,* costing about $200), and 
the connections (costing about $100), while the drilling contractor furnishes 
the cable, the drilling tools, coal and labour. Occasionally the drilling 
contractor aiso provides the engine, boiler and connections, and then receives 
payment at a higher rate per foot drilled. The contractor pays the driller* 
$4 per day, aqr! the ♦tool-dresser per day, and as there is a night shift 
ant] a day shift, the wages amount to $15 per twenty-fourjiours. An oil- 
lease in this field is usually for five year#, or as much longer as oil or gas is 
j)vo(fuccfl in paying quantities, and the document ushally includes a covenant 
tj^at tbe lessee is to commence deve-opment within one year, or it may be 
two years, or is to pay a stipulated rent per acre. The* landowner or farmer 
retains the right to use the land for agricultural purposes, t^e lassee being 
entitled only to so much of the surface iis he may need for the purpose of 
petroleum production, and for ingress and egress. The terms of such a 
lease are also usually that the lessor receives a cash payment of $100 per 
acre if the district has already produced oil, with one-v.ighth of the oil pro- 
duced (in kind). 

As an illustration of the sizes and lengths of casing employed in the 
Washington field, the following paiticnlars, which refer to a well in process 
of drilling visited by the writer, may be given : — 

16 to 18 feet of 'yooden conductor. 

682 feet of lo-inch casing 
1060 feet of 7§-inch casing 
1750 feet of 5 1 -inch casing 
The casing was in lengths of from 17J feet to 20 feet, carefully screwed 
together. It will be understood that each string of casing extends from 
the mouth of the well. Allowance has to be madcf in drilling for the 
larger size of the sockets on couplings of the casing, and for the hole 
not^ being quite true; accordingly, a 13-inch bit is used flJr the lo-inch 
casing, a lo-inch bit for the 7i-incii pasing, and a 7j-inch bit for the 
5 J -inch casing. * • 

Nearly all the wells in the Washington field were at the time of the 
writer^s visit flowing wells, the flow usually being continuous. The arrange- 
ments adopted for •the separation of gas and oil obtained from flowing wells 
are shown in Fig. 94. The maximum re^gular yield of any one well was 
probably from 600 to 700 barrels per diemTand in consequence of the great 
expense of drilling tin this fields no well which yielded much less than 
100 barrels per day could be considered to pay. It was calculated that one 
of the wells in this field yielded 3600 ’barrels every twent/-four hours for 
about a week after it was competed.* • 

On the *completion of the drilling, the well is “torpedoed,” with the 
object of increasing the flow of oil. xne torped6 employed is a charge of 
nitroglycqyine in a suitable shell, Fig. 95 (p. 161)^ which is lowered to the oil- 

* The Armstrong N*. 2'* well in Butler County, Pa., completed 1884, was estimated to 
have flowed at the rate of 260,000 imperial gallons per diem (24 hours). 
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^ ^ rxA fLpTA AXDloded The shell is of tin plate, and is usually 
bwnng P feet in length, a shell of these, dimensions 

3^ inches m mm explosive Formerly there-was fitted to the upper 
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by the employment of what is termed a |^-devil squib.” The squib is 
practically a miniature of the torpedo. Its tm case holds about a quart of 
mtroglycerAie,,^and it has a firing-head similar to that already described, 
but without the disc, the percussion-cap being detonated by the impact of a 

, Fig. 95. 

WELL TORPEDOES, 


, , * ”00 DEVIL.*' 

TORPEDO TOP PLATE. 



legden weight running on a cord. The Squib is lowered into the well until 
it hangs suspended by the side of the torpedo ; the weight is then allowed 
to run down the line, the squib is exploded, and this causes the esplcsion of 
the large torpedo. • 

The torpedo is lowered into the well by a cord having at the end a hook 

• L 
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whicli can be easily disengaged from the wire handle of the shelL The 
precise position of' the torpedo in the well is determined by fixing to the 
lower end of the shell a tin tube, termed the anchor, forming k support of 
the requisite length. Frequently as large a charge as 8o quarts is employed, 
four or more shells of the dimensions given, placed one ppon another, being 
used in such cases, and sometimes this quantity ils exceeded. A considerable 
number of firms are engaged in the manufactlir6 of ‘ nitroglycerine in the 
oil-fields, and it has been estimated that in the Bradford field alone more 
than eight tons^ of th^ material were ua^(l foy torpedoing wells during the 
month of J uly 1885. The cans in which the explosive is conveyed to the wells 
hold from six to eight quarts, and the' waggon employee^ for the transport is 
commonly fitted with padded compartments for ten cans. The use of the 
torpedo in wells was patented by Colonel Roberts in 1 864, and th6 operation 
of torpedoing was subsequently conducted by a company who purchased the 
patent. The fees charged by the company being high, attempts ^ere made by 
well-owners and others to prepare their own torpedoes, the persons employed 
in this secret service being termed “ moonlighters.” Ip the Washington field, 
wells are frequently torpedoed several times, the charges being graduaUy 
increased in size. The torpedo is generally exploded under about 50 fe6t of 
water. Little or no sound is heard, but a slight quiver of the ground is often 
perceptible. A few moments after the explosion the fluid in the well is shot 
into the air with great violence, forming a magnificent fountain, and sniall 
pieces of rock are also thrown out. The well may then begin to flow, but 
there is iisually a sufticient interval to admit of the casing being connected 
with a tank in which the oil is collected. Some authorities are of opinion 
that the use of the torpedo is of little value, that its effect is simply to clear 
the pores of the rock of obstruction, and that the apparent increase in the 
yield of oil is a temporary one, due to reaction from the immense gas pressure 
produced by the explosion. Many wells, however, that gave little or no oil 
on the completion of the drilling, have,, through the use of the torpedo, been 
caused to yield abundantly. 

'fhe drilling of oil-wells is an operation by no means free from risk. 
Occasionally, when oil is struck the outrush is so violent that the ponderous 
drilling tools are , projected from t?ie well, and the liberated gas is liable tt) 
take fire. Di*. Gesner gives the following description of an accident of this 
class, which occurred in the early days of the industry : — 

‘‘We had gone c|‘^wn 300 feet, and were expecting to strike oil at any 
moment. We went op to the shanty where we boarded to supper, and on 
our way back to the well, which was just below in the hollow, we saw the 
men hurrahing, and presently a jet of gas, w’ater and oil rushed up, fairly 
lifting the tools out of the well. It roared and hissed like letting off steam 
from a boiler. The stream seemeU to me to mount higher than the derrick, 
which was 40 feet high. The fo)ks in the neighbourhood ran down with 
their shovels and dug a circular trench around the well, throwing up a bank 
to catch the oil, as we had not expected such a flood and had no large tanks 
ready. The gas mingled with the air, and for a distance about the well the 
air was almost yellow with the gas and spray of oil from the fountain. 
Mr. B., and myself looked on a while, and then started to go to the engine- 
house of the next well to have the fires put out. Before we reached it, 
however, the* gas took fire like a flash of lightning. Mr. R., who was 
passing a small ‘tank of oil, was covered with it as it took fire also, and I 
lost sight of him for a moment. My hair and face were bum^jd, but I was 
not much hurt. The ««ight of the burning well was terrible. A great 
fountain of fire, it wavered to and fro as the wind took it, and threw off 
blazing ..jets of oil. The poor people who were dipping the oil up in the 
little pool around the well wilted down like leaves whtfn the forest is on fire. 
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Some tried to crai^l away, but the liquid flame ran along the ground and 
caught them. Several fiundred ban’ela of oil from a •neighbouring well 
caught fire;» Vast clouds of smoke rose from the burning well, and floated 
off over the hills ; and when night set in, the clouds and hills were red with 
the light of the conflagiation. Mr. E. died very soon after. There were a 
great many lives lo?t.” 

In Decenjber 1884, a bu/ningwell in the Thom Creek district, estimated 
to ba discharging more than 2500 barrels of oil a day, ci’cated a great 
sensation, the column of flame beii^g 175 feet in heigtit. • 

The great majority of *the wells in the United States oil-fields do not 
flow, and, the oil has to be raised to thfe surface by a pump. In some cases, 
however, wells which would not otherwise flow m^y be caused to do so by 
the use 0^ the wat&i'-packer. This device not only prevents water that 
may pass into the well below the casing from gaining access to the oil-sand, 
hut also stops the ascent of gas through the annular space between the 
casing and the tubing. There are several forms of water-packer, but the • 
simplest is a ring of india-rubher which is applied to the tubing at the 
required point, and upon compression is forced against the walls of the well, 
communication between the outside of the tubing above the flacker and the 
oil-sp^ce below it being thus shut off. The prc.ssur<) of the gas thus con- 
fined in the oil-chamber ctiuses the ontflovv of oil through the tubing. The 
fl^iiv only takes place when siiflicienit pressure has accumulated, and is 
generally intermittent. When the well requires to be pumped a valved 
workiiKj’harrel with valved sucker is attached to the lower end*of tlio tubing, 
a perforated anchor being placed below it. The sucker is furnished with a 
series of three or four leather cups, which are pressed ngrinst the sides of 
the working-barrel by the weight of the column of oil. Connecited with the 
sucker is a sti'ing of iucker-rods of the requisite length, the upper end of 
the top one of the series being atbiched to the walking beam, Fig. 96. 
The sucker-rods are screwed together, and are usually of ash, but metallic 
rods are also used. When a numHor'of contiguous wells, none of which 
yield largely, are to bo pumped, a graashopp^^ or mcktr-rod movement^ is 
employed. This apparatus admits of the application, tlirough the meuium 
of simple mechanical contiivances in jvhich old sucker-rods are largely 
utilised, of the motive power of a single engine to a consi(Teral 5 le number of 
pumps. 

The average length of time during which an oil-well in the United 
♦States may be expected to yield oil iii remunerative quantity, has been 
estimated at fiive years, but the period varies within wide limits. 

It is usual to remove the casing from exhausted wells foy^ use in new 
well% This allows water to pass from the water-bearing strata to the oil- 
sands, and as it is found that the yieid •of adjacent wells is prejudicially 
affected by this “ flooding,’’ the Pennsylvaniar# Legislature has enacted that 
abandoned wells from which the casing ha^ been drawn are to be “ plugged ” 
by filling them with sand. 

The practice in the United States is to drill acquired territory as quickly 
as possible and take out the oil. It has beenrfl^emonstrated that there is a 
lateral flow of oil through the oil-bearing strata (in one instonce red paint 
put into a well bein^ "pumped out of another about half a mile distant), and 
it is therefore sometimes impossible for a^essee of oil territory to preserve 
the oil beneath the surface. Thq peti-oleum must be raised, or it would be 
drained away by wells on neighbouring property. * 

The wells in Pico Gallon, California, range in, depth from 700 ft. to 
2odo ft., and are usually commenced with a lo-inch or 12-inch hole, the 
diameter being reduced as caving occui's. Occasiqpally the well is complete^ 
with a diameter as sxq^ as 3J inches, but efforts are made to carry a 5|-inch 
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hole down to the principal oil-bearing rode. The length of conductor varies 
from 10 ft. to 20 ft. Some of the wells have no piovision for shutting off 
water, but all are eased to prevent caving. The length of ti^ie occupied in 
drilling to a depth of 1500 ft. in this locality is from four to five months. 
The wells are not torpedoed. t. 



Before the completjon of the drilling of the well, a circular wooden tank 
is erected to receive .the oil. Such tanks commonly hold about 250 barrels, 
hut some are of two or evjpn three times that capacity. As soon as the well 
commences to yield, either by flowing or by being pu;mped, notice is given to 
a j-epresentative of the transportation and storage company, who connects 
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the tatik, by means of a ^2-mch pipe, with the company’s mains. When the 
tank is full the quantity^f oil is gauged by the company, 3 per cent, is 
deducted i 6 r V shrinkage,” or loss in ti'ansportation, ome^ghth, or other 
agreed proportion, is appropriated to the landowner, and the remainder is 
entered to the credit of the producer in the books of the company. The oil 
thus received may be compared to a deposit in a bank, and is similarly 
transferable i)y written ohddr. Such written order, when accepted by the 
company, becomes what is* known as a “ certificate,” and is a negotiable 
document. The oil exchEq;ig§s oi^ly deal in certificatdfe for 1000 barrels, but 
smaller quantities of oil can be sold. The company allow thirty days free 
storage, and after that time make a charge per Imrrel per month as long as 
the oil remains in their custody. Any oil destroyed by fire is deducted 
pro raid ffom the total stopks, this being practically a system of mutual 
insurance. • 

In the early days of ^he United States petroleum industry, the only 
method of transporting the oil from the well was to place it in oak barrels . 
holding 40 or 50 gallcgis, and to convey these barrels by road to Oil Creek, 
where their confents were emptied into bulk baiges holding abo^t 2000 barrels. 
As Oil Creek was not ordinarily navigable, arrangements were made with 
mill-owners for the use of the surplus water stored in the dams, and at 
intervals the Imrges were floated down from dam to dam until they reached 
bfe mouth of the Creek at its junction with the Allegheny river, from which 
point there was good flat-boat navigation to Pittsburg. This method of 
transportation was not only very costly, but was also attended with frequent 
loss of oil through the barges coming into collision while being floated down. 
On one occasion from 20,000 to 30,000 barrels of oD were thus lost. Added 
bo tliis, the roads over which the barrels had to be drawn were little better 
than paths through the woods. Nevertheless, the sy:^ tern, for want of a 
better, was for some time largely adopted, over 1000 boats, 40 steamers, and 
4000 men beiiig engaged in the trafiip. « 

In the latter part of 1862, a branch of thp Atlantic and Great Western 
Railway was carried into the oil regions, and at a later date the Alle^eny 
Valley Railway was opened from Oil City, at the mouth of Oil Creek, to 
Pittsburg, and a miiiil>er*of narrow-gauge railways were constructed iis 
feeders. * 

Crude oil was at fii-st conveyed by i-ail in barrels coated internally with 
^lue, but the small quantity of water present in the oi] was found to dissolve 
the glue and cause the barrels to leak. To remove ijiis diflSculty and to 
reduce the cost of handling the^oil, tank waggons were adopted in 1865 or 
1866. Those waggons at first consisted of •an ordinary tauck, on which 
wer 5 placed two circfilar wooden tanks or tubs, holding from 2000 to 4000 
Elions. In 1871, a tank car similar to tliose now employed was introduced. 
This consists of a horizontal cylindrical ttyik*of boiler-plate, lying upon a 
truck, and provided with a dome such as a horizontal steam boiler has. The 
tank is furnished with an orifice in the top of the dome for filling, and with 
a valve beneath by which it can be emptied. The tank- waggon now employed 
usually holds nearly 4500 American galloiA (3748 imperial gallons), the 
receptacle being abo*\j} 24 ft. 6 in. ip length by 5 ft, 6 in. in diameter. 

Tank barges, 130 ft. in length, by 2 ft. beam, and 16 ft. in depth 
divided into eight compartments by oil*tight bulkheads, ha\i0 been largely 
employed for the conveyance of ml on the Allegheny river. 

In 1 86 2, •a Bill was introduced into the Pennsylvania Legislature for a 
pipe-line from Oil Creek to itanning ; but this, and a subsequent scheme 
for laying a pipe-line down the Allegheny river to Pittsburg, were strongly 
opposed and came to nothing. According to Mr! C. L. Wheeler, the credit 
of having first suggested the laying of a pipe-line belongs to General Karns, 
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while a Mr. Hutchinson was the first to catty out fthe idea. Hutchinaon'i 
pipe, which was oftly about three miles in lengtfc, was, however, so de 
fectively constructed and leaked to such an extent, that little; if any, of tb 
oil run in at one end reached the other. Professor Peckham states that th< 
first successful pipe was laid by Van Syckle, of TitusviUe, in 1865. Thii 
line (which was four miles in length) and another were afterwards workec 
by the Allegheny Transportation Company, tfipugh not at first mthoul 
considerable opposition from the teamsters, who more than once malicibuslj 
severed the pipei^. However, by the employment 4Pf armed patrols the linei 
were preserved from destruction, and after a time the opposition ceased. 
Gradually, a system of pipe-lines running from the welly to central stations, 
and thence to loading racks for the filling of tank-cars on the railway lines, 
was constructed, and in 1867 there were eight or nine companies owning 
pipe-lines in the oil regions, and issuing negotiable certificates for the 01] 
which they collected. ► , 

' In the principal oil regions of the United States there is, at the present 
time, a network of 2-inch piping connecting the various wqjls with storage 
tanks, the aggregate length of the piping so employed being several thouimnd 
miles. * 

In 1875, the first trtink line was laid. This extended from the lowVjr oi] 
country to Pittsburg, a distance of sixty miles, and was 4 inches in diameter 
Like the first pipe-lines from the wells it had, for a time, to be protec^ft 
against violence. 

As the refining trade developed, it became concentrated on the Atlantic 
seaboard and on the shore of Lake Erie, and the transportation of the crude 
material to the refineries became a business of very great importance. Fron 
1878 to 1881-2 the construction of groat trunk lines was continuous 
Consolidation of the transporting companies also took place, and subse 
quently the principal pipe-lines passed into the hands of a corporatior 
known as the National Transit Oompciny. This company owns the following 
trunk lines : * 

^ Lcncrth 

' in miles. 

From Glean, N.Y. to New York, Bayonne, and Broolrlyn . . 300 
From Colegrove, Pa., to Philadelphia . . ^ . . . . 280 

From Midway, Pa., to Baltimore *70 

From Hilliards, Pa., to Cleveland 100 

From Four Mile. Cattaraugus Co., N.Y., to Buffalo ... 70 

From Carbon Centre, Butler Co., Pa., to Pittsburg ... 60 

A total, including duplicate lines, of about 1330 miles. The New Yorf 
line consists of two 6 -inch pipes for the entire distance^ with a third 6-incl 
pipe for a portion of the way, and. is^irovided with eleven pumping staiiom 
about 28 miles apart. The tra,nsporting capacity of this line is about 28,oo< 
barrels per day. The greatest elevation of the pipe between stations above 
tide- water is 2490 ft. The Philadelphia line has a diameter of 6 inches, witi 
six stations ; the Baltimore line is 5 inches in diameter, without a break; the 
Cleveland pipe, 5 inches, with |pur stations ; and the Buffalo and Pittsburj 
pipes, 4 inches, with* two stations. 

The pipe is made specially, and is of wrought-irqt, lap-welded. It i 
tested to a pressure of 1500 lbs. pei square inch, the working pressure beinj 
900 to 1200 Ibs.^ or even more. The pipe is in lengths of 18 ft., provided a 
each end with course and sharp taper threads, nine to the inch, and th 
lengths are connected with long sleeve couplings, also screwed taper. Th 
line is usually laid two or three feet below the surface of the ground, thoH|»] 
in some places it is exposed, and at intervals bends are pi*ovided ];o allow fo 
cqbtraction and expansion. At the different pumping stations there ar 
tanks of light boiler-plate, usually about 90 ft. in diameter, by 30 ft. ii 
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height, the oil being pumped from the tanks of one station to those of the 
neart, though sometime^ a loop is laid round a station, and oil has thus been 
pumped a, distance of no miles with one engine. The pumping engines 
employed a^e^ the Worthington engines, constructed at the Worthington 
Works in New York, and at each station there is usually a duplicate set. 
These engines, wMch are (rom 200 to 800 h.p., have independent plungers, 
with exterior packing,, vi^lve-boxes subdivided into small chambers, and 
leatJier-lineS metallic valves with low lift and large surfaces. The pumps 
are so constructed that before one plunger has completed its stroke another 
has takeii up the work. » The Mumn of oil is thus kept continuously in 
motion,^ and the violent concussions which occur when the oil column 
is allowed to come to rest between the strokes, are avoided. In the 
older sjj^tems of pumping these concussions * sometimes resembled the 
report of a gun, and the pipes were soon rendered defective by the sudden 
strain. 

Besides^the tanks at^he pumping stations, the National Transit Com- 
pany own an immense amount of tankage at convenient centres. The tanks 
now usually employed for storage purpose}? are 93 ft. in diameter, by 30 ft. 
in. height, have slightly conical wooden roofs covered witk sheet-iron, and 
hold 35,000 barrels each. » 

Ke Tide-Water Pipe Company’s line consists of a pipe, 6 inches in 
4iameter, extending from Kixford, in the Bradford field (about eight miles as 
the crow flies, south-east of the town of Bradford), in a 'general south-easterly 
direction, to Tamanend, in Schuylkill county, where the oil is transferred 
to tank-cars and conveyed by the Beading Railroad to Chester, a town 
fifteen miles from Philadelphia, or to Bayonne, New Jersey. Prom Kixford 
to Tamanend is a distance of about 170 miles, and in this distance there 
are five pumping stations. Instead of the stations being placed, as they are 
on the National Transit Company’s lines, at pretty regular distances of 
twenty-five or thirty miles apart, they are separated by distances corre- 
sponding in some measure with ^e ^inclines, the greatest distances being 
fifty-five miles, and the shortest twenty-foilr miles. By the use of loop- 
lines round the sta^dons, the oil is, however, frequently pumped 4 n hot 
weather, when it is mosjb fluid, a distance of eighty miles. The working 
pressure is 1000 lbs. per square inch, and the capacity of •the line 10,000 * 
barrels per 24 hours. The Holly pump, a three-throw pump with gearing, 
is used on this line. 

The pipe- linos are cleared of obstructions causedT by sediment deposited 
by the oil, by the use of an ingenious instrument, wHich like the torpedo- 
exploding weight is termed “ go-devil.” , This apparatus consists of a 
comical brush of steel wire furnished at the base, or rear end,* “with a leather 
valve in four sections, strengthened with bi’ass plates, and with steel wire 
guides. The “ go-devil ” is pumped through with the oil, and travels at 
the rate of about three miles an houf. Its progress is traced by the 
scraping sound emitted, and it is followed from one pumping station to 
another by relays bf men. The instrument must never be allowed to get 
out of hearing, otherwise in the event of progress, being arrested by an 
obstruction, it may be necessary to take up a considerable length of piping 
to ascertain its position. ^ 

It will be obvious from what h^ been stated that the identity of 
the oil run into the pipe-li|ie system is destroyed, and that only a 
limited an^unt of classification of the crude oil is p^ible. The heavy 
oils from the Franklin and other districts are .therefore transported in 
Uairels. • 

It is by no means uncommon for crude petroleum in the storage tanks to 
be set on fire by Jlightning, notwithstanding the general empIo3rment of 
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lightning conductors, the vapour which the oil evrfves readily taking fire, 
and communicating^ flame to the oil When a tant has taken Are, the oil 
is liable to boil over, and to prevent this holes through whiich the oil may 
escape are made by firing round shot at the tank from small cannon. 
Such tank fires are occasionally of great magnitude and involve no small 
danger to surrounding property. A fire of this nature caused by lightning 
which occurred in June 1880, continued for /ihree days, apjd destroyep 
200,000 barrels of oil, eight or ten iron tanks, two refineries, two bridges, 
and twenty or thirty dwellings, the estimt^ted loss being $500,000. 


XIV. The Production of Natural das in the ’United States. 

f 

The gas-wells in the United States are similar to the oil-wells, but the 
casing heads arc in many instances firmly secured to the ground by chains 
to prevent their being forced off by the pressure, which sometimes amounts 
•to several hundred pounds per square inch. The gas-mains are also similar 
to the oil pipe-lines. The first ttiains laid had a dianleter of 6 inches, but 
piping up to inches diameter is now employed. The diminution, of 
pressure through friction is reckoned at about 5 lbs. per mile for a 6-inch 
pipe, and 3 lbs. per mile •for an 8-inch pipe. According to Mr. Carnegie, the 
most prolific of the gas-wells yielded about 30,000,000 cubic feet per 
hours, but half this .quantity may be considered as the product of a good 
gas- well. 

XV. The Production and Transportation of Crude Petroleum 

in Bussia. 

In the drilling of petroleum wells in the Baku district and elsewhere in 
Bussia, drilling tools and demcks similar to those already described are 
employed, but in many cases operator have preferred to substitute for the 
drilling cable a string of iron rods. These rods are from 40 to 60 feet in 
length and are screwed together, an additional rod being added from time 
to time as the drilling proceeds. This system, w,hich had previously been 
in use in Canada (where, however, wooden rods are employed), is by some 
considered to be prefemble where the strata to do drilled through lie, 
as in Bussia, very irregularly ; but it is far less expeditious than the rope 
system, the loss of time involved in unscrewing the rods, length by 
length, when the tools are raised for the purpose of dressing the bit or 
removing the detritus from the well, being very considerable. A few years 
ago the rod afid the rope systems were in use in Bussia to about an equal 
extent, but the rope system is gaining ground. Mr. M. Bydcn (formerly 
constructing engineer to the Nobel Company) has informed the miter that 
a wire rope has successfully been Employed as a substitute for the manilla 
cable. 

A System of drilling, in which the tools are attached to hollow rods 
through which a stream of waiter is forced under a pressure of 50 lbs, 
per square inch, has been experimentally employed by Messrs. Nobel. 
Under this system the detritus is continuously washed ^ut of the well by 
the current of water, and the use df the sand-pump becomes unnecessary. 
The plant empbyjed in this system (which is sometimes termed the “ water- 
flush ” system), with hand labour and steam power respectivojy, is shown 
in Figs. 97 A and 97B. 

The wells are cased with iron tubing varying in thickness from infch 
to ^ inch, the casing lengths, when of considerable diameter, being attached 
by livetirig, while those of smaller diameter are screwed together. Vasi- 



WATEE-F1.USH |IFST£1^ 




Fig. 97i« 



WTater-Flnsh Syetei— 


, 170 


SySTBMt 


FiO. 97S* 



Water- Flush System. 
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Keff * estimates the toM cost of i6-itich, 14-inch, and 12 -inch casing for a 
well 600 feet deep at 10. ^ 

In conseqi^once of the immense pressure exerted by (he oil (which some- 
times amounts to as much as 300 lbs. per square inch), special provision has 
to be made for preventing leakage round the outside of the casing. Accord- 
ing to Vasilieff, a satisfactory arrangement has been found to consist in first 
sinking an fctagonal wdl, ebout six feet in diameter, some 40 feet down to 
theiard ground, then plabing the casing pipe in position, and filling in the 
space between the pipe ^d^the^^alls of the well with masonry in cement. 
The same object has, however, been attained more effectually by tamping the 
space with puddled clay, rammed in thin layers, after the joint between the 
pipe and the solicf ground -has been well caull^ed with rope-pocking. In 
some ca.#s where the lower strata are in the nature of a quicksand, it has 
been found practicable to force down the casing with a screw-presa 

In the neighbourhood of Baku, it is usual to continue drilling as long 
as there is a chance of getting a spouting well, and to attain this result it ig 
found necessary to ^crease the depth of tjjie wells year by year. Thus the 
average deptl? of the wells in the Balakhany-Saboontchi field has gradually 
in(?reased from 420 feet in 1885 to 665 feet in 1889. It ha!j been estimated 
that the level of the oil is lowered in^he Balakhany field to the extent of 
^6 feet for every 500 million gallons extmcted. 

^ The diameters of the 261 wells in the Baku district in 1889 were as 
follows ; 


Inches. 
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The depths and diameters of the flowing wells in the ^ku district in 
1889 were as follows ; 


Depth in { 7 ft.) 

Dismeter 

Depth in ( 7 ft .1 
Fathoms. • 

Diameter 

Fntho’MH. 

in Inches. 

in Inches. 

in' . 

. 10 

II 2 . 


14 

125 . 

. 6 

• 108 . 

* •* 

10 

I2l' . > , 

. 10 

II6 . 

14 

102 . 

. 10 , 

, II8I . 



144^ . 

1 10 

, 140 . 


6 

122’ . 

. 10 

, 100 . 


8 

I25I . 

. lo 

I24I . 


8 

125 . 

. 10 

142 . 


10 

114.* . 

. 10 

130^ • 


6 ’ 

* OoutinuouB fountains, tin* uthor^owing inteijpittently. 



Colonel Stewfert mentions that the depth of the wells In the Tllsk 
district varies considerably. Thus, well No. 46 of the Standard Russe 
Company has a depth of 1253 feet, -^hile the neighbourkig well, No 43, 
produces oil from a depth of n8o feet. The diameter /)f the wells in this 
district ranges from 20 inches at the surface down to 10 inches at the bottom. 
In the Kertch field, the depth of the wells is between 800 and 1000 feet, 
and the diameter from 12 inches down to 6 inches or less. 

* “ Oomp Jumal " ^lupsian Mitiinj? Journal), September 1885. Translated and abstracted 
by William Anderson. M.l.C.E,, Proc. Jnst. CMl Engimen, vol. Ixxxiii., Sess. 1885*86, Part I. 
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The length of time occupied in drilling aversges from six to eight 
months. The total cost of a well in the Baku district may be said to range 
from ;£iooo to j£jooo ; Mr. Peacock gives the average cost, including labour, 
derrick, boring toofs, casing pipes, boiler, engine, <Siic., as ;^2ooo ; whilst 
Vasilieff estimates the expense of drilling a 1 6-inch well to 600 feet 
depth as 148 i2«., or with office and other charges, ;£^i3oo. The average 
rate of drilling is stated to be 140 feet per month, but abou,t 7 feet can 
frequently be drilled in a day of ten hours. 

Colonel Stewart reports that in the Bibi-Eibat field drilling is paid for 
at the rate of ten roubles for the first fa!ihom ' of seven feet, the payment 
increasing with the depth to ninety ' roubles for each seven feet at a 
depth of ninety fathoms. This scale of prices is based Upon the furnishing 
by the owner of the land of all the plant necessary for drilling ani casing 
the well, besides, apparently, upon the understanding that an increased 
payment is to be made if specially hard strata are encountered. 

Mr. Peacock gives the rates of wages as one shilling per day for unskilled 
labourers, and from two to four shillings per day for skilled workmen. He 
adds that crown lands on new territories may be leased at the rate of ton 
roubles per desttine (about 2J acres). The Standard Russe Company pay 
a rent to the local CossacjJc Grovernment of 25,000 roubles for the one and a 
half million acres of land held by them in the Illski district, and a royalty of 
two kopeks per pood on all petroleum raised (equal to is. per 100 gallons). 

As soon as the well commences to flow, an iron cap, with a gate valve, i > 
attached to the casing. Messrs. Nobel Brothers’ well, No. 32, finished with 
8-inch casing in J une 1 886, required four gate valves to stop the flow, and 
while the oil was being pumped away through three pipes of the respective 
diameters of 3 inches, 4 inches, and 6 inches, the natural pressure exerted 
by the oil in the well was so great that the cap was blown away, together with 
the valves and the strong timbers, the well then discharging mud, stones, and 
oil for fifteen days, when the flow ce^ed. It was estimated that the well 
ejected during this period about 100,00b barrels of oil, and the cessation 
was attributed to the collapse of the casing at the bottom of the well. The 
celebralted Droojba well spouted with such violence that for four months 
the outflow was uncontrollable, all attempts to affix a cap being fruitless. 
The height of the fountain ranged from 100 to 300 feet, and the surround- 
ing country was deluged with the oil. Moreover, the neighbouring engine- 
houses and workshops were partially buried in the sand ejected with the oil, 
and many claims were ffiade for the damage thus done. The estimates of 
the quantity of oil lost ranged from 68,000,000 to 136,000,000 gallons. 
Mr. Marvin states that the Droojba well spoutbd for 115 days before it was 
capped, yielding 3400 tone a day for 43 days, 1600 tons a day for 31 da)s, 
900 tons a day for 30 days, and 6ocrt(»is a day for 1 1 days. The Markoff 
well, not far from the Droojba, spouted in 1887 oil and sand to a height of 
400 feet, and on a windy day the oil spray was carried to a distance of eight 
miles. Jn the previous year, a well drilled by Tagieff ejected for a time 
1 1,000 tons a day. According to Mr. Chambers, the aiming Company's 
well, completed in August 1887, a depth of 790 feet, flowed the full size of 
the casing (12 inches), to a height of 200 feet above the derrick, for 69 days. 
The lowest estimate of the production for the 69 days wa^ 3,000,000 barrels, 
and of this abou|, one-third was lost, tfce capacity of the available tanks being 
insufficient. So fhuch sand was thrown up with the oil that some buildings 
about 15 feet in height within 100 yards of the well were buried out of 
sight, and over an area of probably ten acres round the well the ground was 
covered with sand to a- depth of from one to fifteen feet. The production 
of this well, after 69 days, declined to 200 or 300 barrels a day, and the 
efforts to increase it were unsuccessful. When visiting Baku in 1884, the 
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writer saw one of Nobel's capped wells flowing. As soon as the raJve was 
opened, the stream of oil rose to a height of about loo feet, and this mighty 
fountain continued to play with a loud roaring sound, farming a small lake 
of oil in the neighbourhood of the derrick, until the valve was again 
closed. ♦ 

VasiliefF puts the avpage yield of the wells in active work in 1885 at 
32 tons per ^ell per 'day.* .Owing to the low price of crude oil whi(;h has pre- 
vailed (two kopeks per pood, or about 28. 6 d. per ton delivered at the 
refinery) it has been customary «to keep the flowing weils in reserve, for 
there does not appear to be in th^ Baku district the same necessity that 
there is'Pennsylvajiia to raise the oil to the surface in order to prevent 
neighbojp'ing wells from taking it. • 

When the wells do not. spout, the oil is raised in cylinders resembling the 
sand-pump already described, the presence of sand in the oil, sometimes to 
the extent nf 30 or even. 40 per cent., rendering it impossible to use a 
pump such as is employed in the United States. The cylinder hold® 
commonly abc»it 45 gallons, and it is statei that with one such appliance 
frgm 18,000 to 20,000 gallons can be raised in a working (^y of ten hours. 

As far ELS the writer is aware, the tqypedo is never used in the Kussian 
wells. • 

The ordinary duration of production of the wells appears to range from 
two to nine years. The Kormilitza, or Wet-nurse”, well, gave for twelve 
years 32,000 gallons a day, while Meerzoefl’sNo. 5 well yielded 40,000 gallons 
a day for six years. * 

The crude oil, having been allowed to deposit the sand and water held in 
suspension, is conveyed to the Baku refineries principally through pipe-lines, 
though a certain quantity is carried by rail in tank-c^rs. Up to 1875, 
oil was transported in casks by cart, as much as 0,000 per annum being 
paid for the carriage. The first pipe-line was constructed by Messrs. Nobel 
Brothers, and there are now no leis tdian twenty-two lines from the wells to 
the refineries, eight or nine miles distant. ^The internal diameter of some 
of the lines is as mu fjh as 8 inches. , 

XVI. Tho Production, Transportation, and Storajje of Crude • 
Petroleum in Canada. 

In the Canadian oil-fields, the drilling contractor usually employs 
his own derrick, engine, boiler and tools, furnishes wood and water, cases 
the well and fixes the pump >the well-owner providing the casing and pump, 
aiid subsequently greeting the permanent 'derrick. The wells in the Oil 
Springs field wore formerly from tq 300 feet deep, but the^etroliferous 
formation at this depth became water-logged, and the wells, which were 
subsequently sunk to a depth of about <575 feet, were cased to a depth of 
about 2 7 5 feet to shut off the water. The contract price for drilling a 4 g -inch 
hole to a depth t)f about 375 feet under the conditions mentioned, was 
$150, and the time occupied in the drilling was usually about a week, the 
work being continued day and night. In the PetroUk field, the wells have 
a depth of about feet, the contract price, including the cosf of 100 feet 
of wooden conductor, being $175, and*the time required for the execution 
of the work being from six to twelve dkys. The drilling i» done with pole 
tools, the noles being of white ash and 37 feet in length.* The derridk is 
about 48 met in height. Ah auger some four feet in length and about a 
foot in diameter, is used to bore through the earth to the bed rock, the 
rotating* of the auger being effected by horse-power. The drilling tools 

• A full descriptioDiof the improved Oanudian rig and drilling tools employed in Cfalida 
will be found in the next sub-section (p. 175 et «cg.). 
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commonly consist of a bit, two and a half feet in lejigth by four and five* 
eighths of an inch ip diameter, weighing about 6o» lbs., a sinker-bar, into 
which the bit is screwed, 30 feet in length by three inchei| in* diameter, 
weighing about 1040 lbs., and the jars, inserted between the sinker-bar 
and the poles, about six feet in length and weighing lbs. The tools 
are suspended by a chain which passes three times round the “ spring-pole 
at the end of the walking-beam, and thence to a windlass with ratchet-wheel, 
termed the “ slii)per-out,” fixed on the walking-beam. The object of the 
“spring-polo,” wfiich may be regarded a supolementary part of the 
walking-beam, is, as its name indicates, to provide a certain amount of 
elasticity, and the “ slipper-out ” furnishes the means of gradually lowering 
the tools jis the drilling progresses. The cable is thus only employed in 
raising the tools from the well and lowering them into it. The saVid-pump 
is frequently as much as 37 feet in length and is about four inches in 
diameter. The wells are torpedoed on completion with from eight to ten 
quarts of nitroglycerine, at a cost of a dollar per quart. The casing ( 4| inches 
diameter) costs about 45 cents j^^r foot, and the i J-inc\\ pump with piping 
costs from $65 to .$85, according to the length of pipe required. An 
ordinary square ^‘rame derrick costs with mud-sill from I22 to $27, and the 
walking-beam about $8. A throe-pole derrick, which is commonly used 
when the drilling derrick, which is portable, has been removed, can be erecte^ 
at an expense of $10. A loo-barrel wooden tank costs, erected, $50. 

The maximum yield per well is ten barrels per day, and the minimum 
yield for which 4 t is considered profitable to pump is a quarter of a barrel. 
The yield being in some cases so small, it is usual to pump a number of 
wells tlmough the agency of one engine, the various pumps being connected 
with the motor by means of wooden rods. In one instance, the writer saw 
no less than 80 wells being thus pumped from one centre. The motive 
power wius a 70 h p. engine which communicated motion, similar to that 
of the balance-wheel of a watch, to .a large horizontal wheel. From this 
wheel, six main rod-lines radiated. The length of stroke of the main lines 
was 16 inches, and the rate of movement 32 strokes per minute. Some of 
the wells being pumped from this centre, were froih one-half to three- 
quarters of a mile distant, and altogether about *eight miles of rods were 
employed in th"^ pumping of the 80 wells. 

The pipe-line system in Canada has not been fully developed, and 
accordingly, in many , instances, the well-owner has to convey his oil by 
road to the nearest Receiving station. For the conveyance of the oil by 
road, a long and slightly conical wooden tank or barrel, resting horizontally 
on a waggon, employed. These vessels hold from eight to ten barrels of 
oil. The !Petrolia Crude Oil and Tanking Company is the principal tr^s- 
poi'ting and storing company. Thd tHorage charge is one cent per barrel 
per month, and the delivery charge two cents per barrel. 

The storage takes place for the most part in large underground tanks 
exca\'at^ed in the clay. These remarkable tanks are often, as much as 30 feet 
in diameter by 60 feet in depth, and hold from 5000 to 8000 barrels. In 
the construction of these tanks, 4 ie alluvial soil, of which there are about 18 
or 20 feet "above the clay, is curbed with wood and welj puddled with clay. 
On the completion of the excavation the whole walls from bottom to top are 
then lined witfi wood (rough pine riags) so that the upper part down to the 
solid clay is doubly lined. The bottom is not treated in any way. The 
roof of the tank is “of wood, covered with clay. The cost of suc^a a tank is 
about 22 cents per barrel ($1760 ^or an 8000-barrel tank), and the time 
occupied in making it is about six weeks. 
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XVII. — ^The Prodiiotion of Crude Petroletim and Oaokerite 

in Gkilioia. * 

* • • 

In the first instance, the drilling of petroleum wells in Galicia was effected 
y means of the haijd-rig described in Sub-section XII, (see Fig. 76, p. 138), 
lut about the year 1867 the substitution of steam power for manual labour 
^as commented, the tise bf •the “ free-fall ” jars being retained. The driller 
vas thus enabled to use far heavier tools, the weight of the falling portion 
•anging from 800 to io%D Jcilogi;ammes, and the wbrk was rendered more 
expeditious, the writer having seen as many as forty blows of the bit 
lelivered each minpte. The free-fafi jars are shown in Fig. 98 (p. 1 76), 

P F*. Whilst, however, the substitution of steam power for manual labour 
n drilling with free-fall jars was an important step in the progi*es8 of the 
industry, a still more important advance was made* when the Canadian 
system was, introduced yi 1882 ; but even that system was found to 
require modification in certain details in order to adapt it to the special# 
circumstances of tho case, the character .and disposition of the strata 
rendering drilling far more difficult as a rule in Galicia^ than it is in 
Canada. The derrick and “ transmission,” as well as the principal tools, 
empfcyed in the Galician modification of** the Canachan system are shown in 
Ji'ig. 98. The derrick is 17.7 metre , in height, 5 metres square at the 
base, and i metre square at the summit. It is boarded on the outside. 
The working beam, J[, is of timber. The end of this beam which is over the 
well, is cased with a spirally grooved cylinder of iron, By caA-ying the chain 
supporting the drilling tools. The chain is coiled several times round the 
cylinder, and then passes to the “slipper-out," Oy a .:.mall winch, with 
ratchet, fixed on the beam. The working beam is mused to oscillate, so 
that each end has a vertical movement of about a Toot, by means of the 
crank, i>, and the connecting rod, E. The motive power is a horizontal high- 
pressure engine, Fy of about 15 h.p., specially designed for the work. Steam 
is supplied from a boiler of the locomotive Jtype. It will be seen from the 
illustration, Fig. 98, that the driller in the deriick can start, stop or reverse 
the engine, having cohtrol of the throttle-valve in the steam-pipe, through 
the mediiun of the “ telegraph ” or ewiless cord, F', and ^ the reversing . 
link, by means of the cord, F", attached to the foot-lever, The engine 
also, by means of a belt, drives the windlass, Gy for drawing up the tools. 
This belt runs loose when drilling is in progress, ivid is tightened by the 
application of a roller, II, A smaller windlass or winch for use with the 
sand-pump is sometimes employed, and is similarly driven. The larger 
windlass is provided with a brake, /, which is applied when the tools are 
l)eing lowered into' the well. The slipper-out, the roller for tightening the 
belt, and the brake are also all under th^ control of the driller in the 
derrick, the roller and brake being respectively applied by means of the 
levers K and L, and the ratchet of the slipper-out being released by pulling 
the chain, M, A jnanilla hemp cable, ilT, is usually employed in raising the 
tools, but in many cases recently a wire roge has been adopted, and is found 
to be far more durable. • • 

The jars, 0 0 ',^ will be seeu, difler essentially from the f fee-fall jars, 

P P' , There is no arrangement for docking them when telescoped, and 
indeed the functions of the two arrangements are quite idissimilar. In 
drilling with the Canadian jars* the whole string of tooli^ ©, with the rods 
to which they are attached, descends, the blow being then struck, and the 
jars, Ry partially closing ; qs the rods r^e, the jars'at once fully open before 
the bit, h, is lifted, and the impact of the two links of the jars on this 
upward stroke is of service in dislodging the bit if it has become wedged in 
the rock. As the drilling progresses, the driller slightly turns the tools, so 
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that the chisel-shaped bit, S, is caused to make a round hole. The tools are 
attached to the beam, or rather to the short chain al^dy mentioned, by 
means of rods. These are of wood (ash), 2 inches in diameter and 16 feet 
in length. They are connected by means of conical screw joints, T 
attached to the rods by iron straps, U U\ The guide, W, is an important 





adjunct to the ordinary Chadian tools, which has been found n^essary in 
Galicia, in order to preserve the vertical course of the well. It coiisista, as w^l 
be seen, of four wings, radiating from a common centre, and is inserted in the 
string of tools above the bit. During the progress of the drilling,, the well is 
chsed,” ‘ or lined with iroh tubing. A portion of this casing serves to 
exclude water from the well, but below the water-bearing rocks the casing 
is rtecessary to hold up the rOck and prevent “ caving.” The difficulties met 
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with in drilling in Galicia are chiefly due to the dislocated character of the 
strata, and the alternations of hard and soft beds, ^n some places the 
strata are disposed nearly vertically, and it will readily be understood that 
in drilling through soft and friable rock into hard rock at such an angle, the 
tools are very liable to be deflected, and caving is also very likely to take 
place. The guides are of 'great value in keeping the hole straight, and 
caving has 1» be prevented by following the bit closely with the casing. 
Whet-e the drilling is, in consequence of caving, exceptionally difficult, 
‘‘ under-reaming” has to^Jt>e reaoyted to. This coifsists in the use of an 
expariding reamer^ Fig. 99, by means of which the well may be drilled of a 
size slightly greater; than the external diameter of the 
casing. The instrument is provided with a pair of 
pivoted \N^ngs, or dogs, a a, .which are forced outwards 
into the position shown in by the pressure of ^ 
powerful heycal spring (enclosed in the tubular rod), 
exerted through the medium of the sliding collar, 6. 

When the undqr-reaoer is to be inserted in*the casing, 
the sliding collar is raised, as shown in and retained 
in tliat position by small wedges, c c. The wings, or 
dog8,*then lie flat against the rod, as shown in A.* A 
^w strokes of the tools dislodge the ^/edges, the dogs 
at once spring out into the positions idiowm in B, an^ 
the well is “ reamed ” to a diameter admitting of the 
descent of the casing. 

The Canadian system of drilling has almost entirely 
superseded the free-fall system in Galicia. It is unde- 
niably more rapid, apd, as it is canned out with far les^’ 
concussion, the risk of caving is reduced. The rate a'., 
which the blows of the chisel are delivered with Canadian 
tools varies with the character of > the ground; some- 
times as many as 70 strokes a minute may, be given, 
but the number usually ranges between 40 and 00. 

It is usual to case the upper part of the well 
with what is known as riveted casing.* This consists • « . -p 

of tubing made of sheet-iron, with riveted seams, earner, 

and is not water-tight. To shut ofi’ the water, artesian casing, con- 
sisting of wrought-iron lap-weldcd tubing, with s^’ewed joints, is em- 
ployed. The casing is added in successive lengths during the drilling of 
the well, until it cannot be forced down any lower. The diameter of the 
welbis then reducedj and a smaller ciising u?fed. In this way, a completed 
well may have several strings ” of ^cj^sing in it, each reaching to the 
surface. It is, however, a common pmctice ^ remove some of the artesian 
casing on the completion of the well, takifig care to leave that w hich shuts 
off the water, but the riveted casing is not withdrawn. In many instances 
it is found advantageous to use perforated casing below the horizon »of the 
water-bearing rocks, as this, while prevent!^ caving, allows oil to percolate 
into the well. Some wells are completeoT with riveted casing of small 
diameter, extending from the bottom of the bore-hole to the loteer end of 
the string of smallest sized artesian casing. The following particulars of 
the casing of a well, inspected by thft writer, may make* the foregoing 
description clearer : * ^ 

• A. 33 feet of 13 inches riveted. 

B. 65^ feet of 1 1 inched artesian. * 

C. I24i’feet of 8^ inches artesian. 

D. 213 feet of 61 inches urtesityi. 

. 433 feet of 4 1 inches artesian. 

. 236 feet of 4 inches artesian, perforated. 

G. 75i feet of inches riveted, perforated. 


Fjg. 99. 
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The water was shut off with the 8 J -inch casing, and the 6J-inch was 
withdrawn on the completion of the well. Of the foregoing strings of 
<3aRing, A, B, 0 , D and E extended to the top of the well, while F lined the 
well from the bottom of E for 236 feet, and G completed the lining from 
tlie bottom of F for the remaining 75J feet 

The rate of drilling in the Ustrzyki district commonly ranges from 12 
to 18 up to as much as 50 or 60 feet in twelve huura, according to the hard- 
ness of the strata. Not infrequently considerable delay is caused by the 
breakage of the tools or rods, and some of the resulting “ fishing " operations 
demand much skill and patience. 

The follo^^ing is the approximate cost in Central Galicia of an outfit for 
drilling by the Canadian system : 


Derrick and transmission 

. ;^90 

Engine and boiler, 15 h.p. . 

. 250 

Drilling and other tools and piuup 

. 410 

Poles and belting 

. 200 to 250 

Ca.sing 

. 380 to 500 


£1500 


The drilling is frequently done by contract at 8s. a foot, the contractor 
finding labour inside the derrick (a wrench man, a scaffold man, and a third 
man for odd jobs), wEile the well-owner provides a smith, a machinist, and 
a helper, in addition to fuel for the boiler and oil for lubrication and lighting. 
Labour is cheap, and the natives have exhibited considerable aptitude in 
acquiring the art of drilling ; but owing to the number of church holidays it 
is desirable to adopt labour-saving mechanical appliances as far as possible. 
In most parts of the oil-fields, fuel and water are abundant. 

The Canadian system of drilling with poles has hitherto been found well 
suited for use in Galicia, and those who ^re accustomed to employ it contend 
that without poles it would be very difficult, if not impossible, to drill in 
some localities in that country! A serious loss of time is, however, neces- 
sarily involved in disconnecting and re-connecting the poles each time that 
the tools have to be. drawn up when. any great depth has been reached, and 
if an oil-bearihg formation lying considerably lower should be found in 
Galicia, attempts will doubtless be made to substitute the cable for the 
poles. ^ 

The diamond-boidng system has been tried in Galicia, but does not 
appear to have given good results. The writer saw an uncompleted well in 
the SIoboda-Bungurska district which had been in process of drilling for 
over a year and had only reached a depth of 220 metres. In a paper read 
before the Civil and Mechanical Eiighieers’ Society in 1889, Mr. R. Nelson 
Boyd gave some details of the drilling of a well at Polana by the Aqueous 
Diamond- Boring Company, The power was supplied by a 12 h.p. engine, 
and the crown was driven at the rate of 120 revolutiops a minute. The 
quantity of water force4 into the hole under a pressure of i J atmosphere 
was 1.52 cubic metre an hour, < This was, however, in excess of the neces- 
sary quantity, and about one-third of a cubic metre, an hour was lost. 
About 75 per cent, of the water requisite may be saved, so that the actual 
consumption Jwould be about half a cubic metre an hour. At a depth of 
200 metres the drawing of the rods, the removal of the core, and the lower- 
ing of the crown again, occupied two hours, and this had to be done for 
every ten feet of boring: In shale, as much as 2.7 metres were bored in ^.n 
hour, and in sandstone 0.828 metre. Mr. Boyd considers that the results 
obtained in this well were of a favourable character, but he points out that 
the indination of the strata constitutes a great impediment to the use of 
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the diamond drill in Galicia, as the upper part of the stratum perforated is 
liable to slide on a joint and jam the core. ^ 

The deJ)th,of the wells in the Ustrzyki district is usually from 220 to 
250 metres, the first indications of oil being met with at a depth of 30 
metres, the first oij horizon being perforated at 120 metres (the well then 
yielding from three-quartefrs of a barrel to one barrel a day), and the second oil 
horizon at f 6 o to 22*0 nfet^es. It is believed that a third and probably more 
productive oil horizon mliy exist at a greater depth in this district, but the 
wells are not drilled belov^tfie se«o/id, when they usuailly yiejd about 20 barrels 
of oil per diem, but sometimes much more. In the Sloboda-Rungurska 
district the depth the wells commonly ranges from 215 to 330 metres, but 
in some instances exceeds 400 metres. The writer was informed that the 
average time occupied in the drilling of a well in this district is thi‘ee 
months, but he saw a well there, stated to be flowing at the rate of 70 to 80 
barrels a dt^, which was ;(lrilled to a depth of 220 metres, with a diameter 
of 6 inches at the bottom, in 18 days. About 25 per cent, of the wella 
drilled in thi^ district have been unproductive, and the yield of the re- 
mainder appears to have varied considerably. Many of the wells flow at first, 
anS afterwards need pumping. One produced for a time as much as 300 
harrtjls per diem, and afterwards for a y'^r an aveisage of 200 barrels a day. 
,The smallest yield for which it is considered profitable to pump in this dis- 
trict is two barrels a day. In the Wietzno field, the writer saw a well out 
of which oil was flowing simultaneously fiom two horizons through the 
5-inch and 6-inch casings respectively. The estimated yield'*of this well was 
200 barrels a day. The depth of the wells in this field is about 250 metres. 

In the historic Bobrka field, there were at the time of the writer’s visit some 
30 wells being pumped, some of which had yielded smell quantities of oil for 
17 or 18 years, but the ordinary life of a drilled well ^‘n Galicia is perhaps 
one-third of this period. The usual experience has been that, provided a 
distance of 20 metres intervenes, pne well does not drain another. The 
deepest drilled well in the Bobrka field at the time of the writer’s visit had a 
depth of 409 metres, and a diameter of 6 inches at the bottom. 

The pumps used ill raising oil from those wells which do not flov/ are of 
small diameter (i to li inch) and are fwnished with double or triple buckets ^ 
with ball valves. The working barrel is placed at the bottdhi of the well, * 
and J-inch gas-piping is frequently used as a sucker-rod. To economise steam 
power a number of pumps are worked from one engiije through the medium 
of rods, the power being thus sometimes transmitted to a considei’able 
distance. ^ 

oil is conveyed to the refineries partly in barrels by yyad, and partly 
in tank-waggons by rail. In some cases short pipe-lines Lave bqgp laid down 
from the wells to the railway to faScifitate transportation. The railway 
l ates for transport are moderate and the^oifipanies possess tank- waggons. 

The drilling leases in Galicia are commonly for a period of 25 years, the 
lessee making a caah payment for the lease, the amount depending upon the 
character of the territory ; for this he obtains the usual rights of ingress and 
egress, the agricultural rights remaining wi<?h the lesson The royalty payable 
by the lessee ranges /rom 12 J per ^ent. to as much as 37 J per cent, of the oil 
raised, and the lessee also pays a small ^ent for the Land actually occupied 
by him. The system of land registration admits of drilling ^rights over oil- 
lands being intabulated in the l^d-books, and thus affords to the petroleum 
producer pAfect security at a lirifling cost. 

• In mining ozokerite, it is usual to sink a circular' well 3 metres in diameter 
through the upper beds of clay until the water level in .the gravel is reached. 
This well may have a depth of 14 to 16 metres.* In the centre of it, a shaft 
1,3 metre square is Whilt up of balks of timber jointed together, the inter- 
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veiling space being filled with clay. The digging ahd timbering of a shaft 
1.3 metre square is then continued until fuiiher progress is arrested by 
water or inflammable gas. When this occurs, one of the veips ef ozokerite * 
intersected by the shaft is opened up and followed by means of a timbered 
gallery. Immense pressure is exerted by the semi-fluid pzokeribe, and it is 
usual to employ timbers nearly a third of a metre square placed about one 
metre apart. The horizontal galleries cannot without risk of accident be 
driven further than about 5 metres. The sinkin'g of the circular well ‘costs 
about 4 fl. the met^ejbuhin the dislocated bed^ belpi^ where the ozokerite is met 
with, the cost of sinking is from 5 fl. to 10 fl. the metre run, without reckoning 
the cost of pumping out the water. T!he driving of the ^galleries is* paid for 
at the rate of 7.50 fl. to q^fl. per metre run. 

Over the mouth of the shaft is fixed a windlass carrying a wirb rope, to 
each end of which i8‘attached a bucket used in drawing up the ozokerite, 
or in lowering and raising the miners. The descent is made by placing 
one foot in the bucket and holding on to the rope, the other foot being used 
in fending the bucket off the sicjes of the shaft. The painer wears a safety- 
belt, to which is attached a rope passing over a smaller^’ windlass. As 
inflammable gas is met with in the workings, safety-lamps are used ; ‘and 
air is forced into the gi?lleries by A fan-blower, which is usually worked by 
a woman. Within easy reach of the miner is a cord communicating with a 
bell at the mouth of the shaft by means of which he can summon assistance ; 
but notwithstanding* the provision of the bell and the safety-belt, deaths 
from suttbcatioii are not uncommon. The underground miners receive 0.75 fl. 
to 1.25 fl. per day, while the labourers employed above ground get about 
0.60 fl. It is stated that of the 10,000 work-people engaged in the industry in 
1871, 2000 were underground miners, and that among these there were 
usually from 200 to 300 accidents per annum, most of which were fatal. 
According to another authority, the admitted” annual death-rate due to 
accidents ranges from 7 to 1 5 per thgus^nd (the rate in ‘‘ ordinary mining ” 
being given for comparison as 1.88 per thousand), but it was considered that 
the number of casualties was understated. There seems to be good reason 
to believe that notwithstanding the existence of a sUff of ofl&cials specially 
charged with the duty of enforciipg a code of • regulations, much of the 
underground ^ork is carried on under unnecessarily dangerous conditions. 
The primitive manner in which ozokerite is mined is clearly shown in the 
illustrations, Figs. 109, loi, which are taken from a model made in Galicia 
and presented to the^ writer. 

Distributed over an area of 90 to 100 hectares are many thousand shafts 
ranging in depjh from 20 to 2100 metres, but the writer was informed^ that 
not more tjban 400 of these were being worked at the time of his visft to 
Boryslaw. The shafts are in manj^ dksos not mo^:e than from 3 to 8 metres 
apart, and the available ground round eacji shaft usually ranges from 9 to 60 
square metres. When it is considered that there are hundreds of separate 
proprietors, it will be understood that there is frequently considerable confu- 
sion and great difiiculty in getting rid of the earth excavated and raised 
with the ozokerite. JElecently, .however, arrangements have been made for 
the systematic removal of the debris. 

Attempts have been made to pl^ce the industry upon a more satisfactory 
basis, and a French company has «• carried out the system of mining the 
ozokerite by mean 5 of a main shaft, fitted with cages running in guides, and 
operated by a ste^-engine, as in coal-mining, the galleries being ventilated 
by steam-driven centrifugal exhausters. The locality selected for the sh^ft 
being, however, near Wolanka, which may be regarded as outside the zone of 
the most^ productive territory, the system cannot be said to have* had a fair 
trial. 
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The ozokerite ocours'eometimes in sheets as thin as paper, but more often 
in veins from 2 or 3 inches to a foot in thickness, disposed in the most 
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Shod in which the above-fn’ound work is carried on. In practice the Rides arc 
boarded up, and a ventilator for the eticape of the gas from the c ine is provided in the 
roof, as shown. 

n. Windlass for lowering and raising miners, and raising ozokerite. 

b. Windlass carrying rope attached to miner’s safety-belt. 

c. Rotary blower for ventilation. 

• iL Signal bell. « • 

e. Bucket in which the ozokerite is raised. 

/■. Hammer, chisel, and pick used in the ^ork of mining. 

// Blocks of cas4 ozokerite. • 

It Proprietor of the mine keeping an account of the ozokerite raised. 
i. Miner, wearing safety-belt, and cJrrying safety-lamp, preparing to descend. 
h. Woman working blowing machine. ' 


Fig. 101. 



View of portion of shaft and galle!^, showing mode of timbering. 

1. Tube conveying air from blowing machine. 

^ m. Signal cord • 

71. Miner at work. ^ , 

irregular manner. The miheral is broken out by han^ with the pick and 
wedge, arfd this may be regarded as easy work owing to the ^disturjsed 
charaerber of the stmta in which it occurs. The water and oil with which 
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the ozokerite is as'sociated are pumped up from the bottom of the shAft. for 
the working of eacfj shaft two miners, two labourers, and one woman arb 
needed. • • * 

The Borysiaw ozokerite deposit extends over a pear-shaped area, the 
outer zone of which has a length of 1500 metres and a bre^^th of 560 metres, 
the dimensions of the inner zone being 1000 metres by 350 metres. The 
deposit narrows considerably as the depth increases.* • ♦ 

An attempt has been made to estimate the quantity of ozokerite in this 
deposit. The basis of the calculation is tj^at th^ territory constituting the 
outer zone contains 2 per cent, of the mineral, whilst the proportion in the 
inner zone is mor^ than 5 per cent. Taking the stated ^dimensions of the 
zones, and assuming the extraction of the mineral to a inaximum depth of 
200 metres, the quantity of ozokerite obtainable in this locality \/ould be 
more than two millioh tons. 

Two products are obtained from the mines — viz., nearly pure ozokerite in 
fragments, and earth containing much ozokerite. The former is melted as 
it is, while the latter is subjected to the following operations in consecutive 
order. 

1. Hand-picking or sorting. 

2. Washing with cold water. 

3. Washing with hot water, 

4. Treatment with benzine and steam. 

By hand-picking, all the larger fragments of ozokerite are sorted from 
the earthy matter j this work is performed at the pit’s mouth by women, 
who are provided with small mattocks, by means of which the separation 
of the matrix is effected. After this, the earth, which still contains from 
8 to I o per cent, of ozokerite, is thrown into tubs of wat^r, and stirred with 
shovels. Under the^ circumstances, the liberated ozokerite rises to tlie 
surface, and is skimmed off* with a sieve. The earth, still containing from 
4 to 5 per cent, of ozokerite, is then subjected to the action of boiling water, 
and the finer particles of the wax, aggregated by fusion, rise to the surface in 
the foi;m of a black oily scum, which is removed froiji time to time. The 
fourth process, originally suggested by Tan Haecht, consists in exposing 
the earth whicj*,, after treatment with boiling wat^r, still contains from i to 
1 J per cent, of ozokerite, to the solvent action of benzine. By this means 
nearly the whole of the remaining wax is dissolved, and by steam distillation 
the benzine is recoveroil. The ozokerite thus extracted commands a higher 
price than that which is obtained by either of the three preceding 
])rocesses. ^ 

The separated ozokerite is melted and cast into loaves or blocks oT^tho 
form of a truncated cone, and weigjiiqg about 50 or 60 Kilos. 

( ' 

CHAPTER IT. 

XVIII. The BefLning oT Petroleum in the United States. 

Some descriptions of crude petrolepm of high viscosify are employed for 
lubricating purposes either in the state in which they come from the wells, 
when they are termed “ natural oils,” or after a certain proportion of their 
more volatile constituents has been removed by evaporation or distillation at 
a comparatively low temperature (vacuum stills being sometimes employed), 
when they are termed “‘reduced oils.” These oife are sometimes purified by 
filtration through animal chrxcoal. Lubricating oils thus obtained are in 
some cases preferred to distilled products of similar demity. 
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ever, subjected to a process of fractional distillation, with t 0 J 
separating it into the following commercial products. , 

i! Naphtha or petroleum spirit of various grades. 

2. Burning oils. 

3. Lubricating oils. 

9 4. Paraffim • 

The first attempts to refine petroleum commercially in the Unit<'d States 
were probably made in the year J854, w’^hen a still, baving^a capacity of live 
barrels, was erected in Pittsourg, tor refining the small quantity of crude 
oil obtained in the neighbourhood ; but the scarcity of the raw material 
prevented for some ttme any important development of the industry. Burn- 
ing and lubricating oils were subsequently made from bituminous coal in the 
United States in somewhat* considerable quantities, bat it was not until 
'.fter the sinking of the Drake well, in 1859, that the distillation of petroleum 
on a large scile was commenced. Up to the year 1862, the stills commonly , 
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Longitudinal-vertical Section of Cylinder Still, 

• 

employed had a vertical cylindrical cast-iron body, a boiler-plate bottom and 
M cast-iron dome, with a goosg-neck bolted on. The capacity of these stills 
was,^(l5out twenty -five barrels, and the charge was distilled t» dryness. At 
the present time the opeiution of petrpl^um distillation is divicted into two 
distinct parts, which are commonly conducte\J at separate works. The first 
part consists in the separation of the crude petroleum into naphtha and 
burning oil, which constitute the distillates ; and residuum, which remains 
in the still. The second part consists in the distillation of the residuum 
with a view to obtaining the lubricating oil^nd paraifin. In the distillation 
of the more volatile products, two forms 01 still are enlployed — namely, the 
horizontal cylindrical still, Figs. ro2 and 103, and what is kncbvn as the 
“ cheese-box still, Figs. 104 and 105. The former description of still consists 
of a cylinder of boiler-plate (the lower lialf of which is commonly of steel 
and the upper half of iron), about thirty feet in len^h bj twelve and a half 
feet in dianftter, furnished wiih a dome, three feet jn diameter, fi'om which 
paflsses a vapiour-pipe fifteen inches in diameter. This still is set horizontally 
in a fumaqe, and tlie upper half is usually exposed to the air. The cheese- 
box still, which is now much less used than thcf still already described, bdfe a 
vertical cylindrical bd&y, a dome-shaped top of iron boiler-plate, and a double- 
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^rved bottom of steel-plate. It is thirty feet in‘ diameter by nine feet in 
height or depth, and is set in a furnace on a series of brick arches. The 
vapour passes from this form of still through three vertical pipes into a 
vapour-chest, from which esctend forty parallel 3-inch pipfes. Wet steam 


Fig. 103 



is usually introduced into the exit pipes, so that it may mingle with tlie 
vapour of the oil. The working charge of the cylindrical still is about 600 
barrels, and of the cheese-box ” still about double that quantity The 
condensers with which the stills are connected were at first copper worms, 
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Vertical Section of Cheese-box Still-setting. 

but now consist of iron pip^, usually straight, passing through tanks of cold 
water. A modern condensing arrangement may be described <as consisting 
of a series of forty 3-‘inch pipes' In some ^s, methods of fractional 
condensation designed to effect the more complete separation of the com- 
mercial products, are adopted. • 




Perspective View. ^ 

The inveiftion was described as “ an^ improved^ method or process for 
Separating the various products contained in Crude Coal Oil or other oils, 
by a continuous successive distillation, in such maiiner as that, on the 
operation being on^e commenced and a fresh*supply of crude oil regularly 
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mainiained, a simultaneous discharge of several Qualities of oils and of 
oth^r products by a simple process may be continued for an indefinite 
period of time, without any interruption, and without any care or trouble 
of removing the products from one receptacle to another, or of clearing the 
distilling vessel of the residuum, the same being performed by regular 
transference of the unfinished material from one retort to another, and the 
final discharge of the last waste product from ike iast# retort in the appa- 
ratus without any mechanical aid whatever, the fluid discharging itself by 
the regular working of 6he apparatus.” Ti\e nature of the said invention 
was further described in the specification as consisting “ in separating from 
the crude oil the various products contained therein by volatilising it over 



the surface, or upon, as it were, a bath of the fluid having a higher specific 
gravity, and heated to a degrte of temperature at which the fluid to be 
separated from the crude oil volatilises. When the more volatile products 
become thus evaporated, the crude oil attains a higher degree of specific 
gravity, and sinking down comminglec wjth the fluid of the bath, and while 
fjesh crude oil is slowly potjred in over the surface of the bath tlu^ 

unfinished material of the first bath passes gradually over upon another 

bath of the fluid having a still higher specific gravity dnd heated to a higher 
degree of temperature, and so on successively arfd continuously until the 
^ separation of the various products is completed. 

The final residuum discharges itself then from the 
bottom of the last retort.” The arrangement consists 
of three stills, Ay By Cy placed side by side but heated 
by independent furnaces. ^ The three tubes, Gy II y and 
I, one in the middle of each still, extend nearly ts^Jthe 
bottom of the' stills in each case, as In Fig. io8. They 
are closed at tfielbottom and are for the purpose of as- 
certaining Ihe^temperature of the oil in the stills. The 
crude oil is introduced into the upper part of the first 
still A, at one end, through the pipe A\ and from 
the lowest part of the opposite end of this still a pipe D 
{ftisses into \lie end of the second still By “ at a point 
somewhat above the middle line oft the said retort 
similarly at the lowest point of the opposite end of the second still By 
a pipe passes into the third still (7, \vhich, in like manner, is also furnished 
with a pipe Fy lead^g from the bottom at the end opposite to that at which 
the oil enters from the intermediate still. The products of distillation pass 
away through the vapoijr pipes ffyLy and My are connected with 

suitable condensing apparatus. The inventors point out that p greater 
number oS retorts may be arranged on the same principle, if it is desired tp 
increase the number of grades of product. In working with three stills, it 
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a re<sommended that the temperatures of the contents of the ‘first and 
lecond stills should be maintained at 170" to 200“ and about 300* respect- 
vely (presumably degrees F, are meant), while the third still is to be heated 
o incipient dull redness. 

In the use of tl^s apparatus, the inventors direct that crude oil is to be 
lelivered into still A, through the pipe A\ until the level of the oil reaches 
he point of discharge of the^pipe D, into the retort £. The still A is then 
leatefi to i7o°-2oo^, so as • to vaporise the more volatile products, which 
)ass through the pipe 7I\t<x tha ^on denser. Wbert this yolatilisation has 
)een efiected, a further quantity of crude oil is slowly introduced through 
he pipe A'. The^crude oil already in the still having had its specific 
gravity raised by the elimination of its more -volatile constituents, the 
Tesh oil %ill float upon it^s surface and will there be subjected to a 
)rocess of fractional distillation. As the level of the oil* in still A becomes 
•.iised by the introduction, of fresh crude oil, the heavier oil will begin to 
low into sti!l //, through the pipe B. Still B should then be heated • 
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Horizontal Section. 


}o 300", and from it a product of higher boiling peint than that 

obtained from still will pass away, tl^ro^gh the pipe X, to th^^^ndenser. 
When still B has thus become filled so that apportion of its contents is flow- 
ing into still 0, the latter should be heated l»o incipient redness, and products 
5f higher boiling point than those yielded by still B will, in like manner, pass 
through the pipe if«to the condenser. When still 0 has become filled to a 
sufficient height the discharge of the residiyim, through the pipe jP, will 
commence, and the whole process will thereafter be continuous, as long as 
the supply of fresh eiude oil to stilV'.d is maintained, and the stills are kept 
it the requisite temperatures. • 

In 1867, a patent was granted in the* United States to A H. Tait and 
Joseph W. Avis, of New York, for “ Improvements in Apparatus for Dis- 
tilling Petrolfium, <fcc.,” Figs. 1 09, 1 1 o, and y i , in the specification of which the 
ipparatus was described as consisting “ mainly of a still divided by one or 
more partitions into two or more compartments, whichf communicate with 
dach other at the top by suitable openings for th^ vapours, and at the bottoln 
by openings for the liquid.” The openings at the top are provided with 
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gates or cocks to shut off the communication and ^divide the light from the 
heavy vapours so as to pass each oil into its appropriate condenser.” The 
compartments nex^ to the fire are also provided with gates or valves to the 
openings at the bottom, so that on closing these the compaHments may be 

Fig. no. , 



Vertical Section. 


cleaned out without emptying the entire still. The crude oil is admitted to 
the compartment farthest from the fire, and the compartment nearest to the 
lire is connected by a pipe with coking retorts in which the refuse or 
“ heavier parts of the oil are subjected to a final distilletion.” 

Fig. hi. 



Cross Section. 


A represents the still, divided by partitions a, into compaftments 6, 

6*, 6”, 5*. The crude oil is admitted from the supply tank J5, into 

first compartment b, which is farthest from the fireplace, and it passes from 
this compartment to the sittjceeding compartments through apertures c, in 
the lower parts of the partitions a, the apertures being so situated that the 
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oil is compelled to run through the still in a zigzag course. In the upper 
parts of the partitions a, are ownings rf, for the passage of the vapour, and 
•these openings are provided with valves e, operated b;^the handles /,/^. 

From the compartments 6^ and b\ rise pipes provided with stop-cocks 
hj h\ and each of tjjiese pipes is connected with one of the condensers C or 
^( 7 ^. If the valve e is closed^ the vapour from the first two compartments, 
* i, passes through the Vjondenser C, and the vapour from the other com- 
partments through the condenser C^. But if the valve e is opened, and the 
valve closed, the vapour^ifrgm tjie compartments, , can be made 

to pass through either of tiie condensers by adjusting the stop-cocks h and 
h}. The apertures ^ in the three last* partitions a, are provided with gates 
^ ‘P, operated by nandlesj, Hy closing the gate i, the liquid is pre- 

vented fi*(Bn passing into the compartments, b*, 6®, which ai*e nearest to 
the fire, and these compartments can be readily cleaned A^thout inteiTupting 
the operation of the remaining compartments. Similarly by closing the gate 
i\ the last two compartme'nts b\ ¥ can be cleaned, and if it is desired to 
clean the last compartjnent b^ only, the gate is closed. The compartment 
//* is brought info direct communication with the compartmejit h by means 
of a*l)ipe situated on the outside of the^ still. This pipe is provided with 
• Fig. 112. • 



stop-cocks Z, and is connected with the discharge-pipe m.'* The liquid 
from the first compartment can thus be run directly into the last compart- 
ment, and the specific gi’avity of the product obtained •from these compart- 
• ments, as well as from the remaining compartments,.can in this way be 
regulated and equalised.” Tl^e compartment U communicates, through a 
pipe ’^dth the coking stills which ifre provided wkh a separate 

furnace. The vapour from the coking stills passes to the condeiic»r F, 

In 1S70, Samuel A. Hill and Charles*F. Thumin, of Oil City, Pa., obtained 
a patent in the United States for ** Improvements in Apparatus for Distilling 
Hydrocarbon Oils,” Figs. 1 1 2 and 113, the invention being described as consist- 
ing in “ so constructing and arranging a series of stills with i*elation te each 
other that the oil will flow over the bottom of the stills in a thin and con- 
tinuous sheet, with a different degree of heaf applied to •the bottom of each 
still ; and in so arranging the connections between the several stilBj that the 
flow of oil through one or more of the stills may be cut off* from the other 
stills in the same series.” * • 

A and B are large separating dnd heating stills, used f(m the purpose of 
separating wtter from the oil, distilling off the very^ volatile hydrocarbons, 
and heating the oil. dMsaj^ngeof furnaces under the stills. A and B 
are supplied with oil through pipes w, and are furnished* with vapour pipes 
sc', which may be connected with condensers. N^r the bottom of the stills 
A and B are two pipes, % and connected with tlm pipe which communicates 
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with the stills D, E and Fy by means of pipes h, I, m and n. These pipes 
are provided with stop-cocks, as shown in the illustration. At the opposite 
end the stills G ar*d Dy and E and Fy are respectively connected- by means of 
the pipes o and p, which are placed close to the bottom. The stills C, D, E, 
and Fy have vapour pipes, a, which may communicate with condensers. 

In carrying out the process of distillation with this apparatus, oil is first 
introduced inti) the stills A and J 5 , and the water sepc.rated from it. Aftei* 
the oil has been heated to about 49” 0.(120" F.); the valves 1,3 and 2, of the 
pipes hy g and i,,are opened, and the oil is thus, avowed to flow from the stills 
A and B over the bottom of still Gy thence through the pipe 0 into still D, 
thence through the pipes ly <7, and m, into still Ey and^ thence through the 
pipe p into still Fy passing over the bottom of each still in a thin and con- . 
tinuous sheet, and being subjected to a gradually increasing heat.^ 

In 1870, a patent was granted in the United States to Samuel Van Sycles 
of Titusville, Pa., for a system of continuous distillation with “ a series of 
stills in which the oil is maintained at a constant level by means of a tank, 
in which a float on the surface, of the oil as it rises„or falls automatically 
controls the flow of the oil.” According to the late Mr. Benjamin J. Grew,* 
an apparatus constructed on this principle was put in operation in Buffalo, 
and the products actuaHy placed on the market. The same writer describes 
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a distillatory arrangement designed by Mr. James Cole, Jun., of Cleveland, 
Ohio, which may be broadly designated Jis a combination of continuous 
distillation and fractional condensation in a series of connected stills and 
condensers maintained at carefully graduated temperatures. 

Although, as already stated, the principfe of continuous distillation has 
not, so far at any rate, found favour in the United States, notwith^^ding 
that a large number of patents, in addition to those mentioned, have been 
granted for various systems of applyii^g it, the arrangements described are 
of more than historical interest, Since the principle has long been practically 
applied with, great success in the distillation of Kussian petroleum, and 
Scotc& shale oU.f " 

The crude petroleum, "on reaching the refinery through the pipes of the 
transportation company, or in tank railway waggons, is placed in storage 
tanks, whence it is pumped or run by gravitation itito the stills. A fire 
having been lighted in the furnace beneath the still, the temperature of the 
oil is raised slowly, and the more volatile hydrocarbons, constituting the 
crude naphtha, ai'e distilled off, the distillate being sometimes collected in two 
fractions. When the density of the distillate flowing from the condensers has 
increased to about 62* B. (sp. gr. .729) the stream is diverted from 'the 

^ * “ A«Practlcal Trefttise on Petroleum.” Philadelphin, 1887. 

+ The appai-atus employed in Ku&sia and Scotland respectively will be described in «u^ 
oeeding chapters. , , 
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naphtha tank into the kerosene tank, if the refiner is making an oil of iio® 
or 120° fire-test. If, on the other hand, he desires to obtain an oil of 150° 
• fire-test, the coUection of the kerosene is not commenc^ until the density 
has risen to about 56° B. (sp. gr. .753). In the former case that portion of 
the naphtha distil]ed which has a density between 70“ B. (sp. gr. .700) and 
02*’ B. is frequently collected separately, and the more volatile portion being 
’ subsequently# removed ffom this fraction in a still by steam heat, there 
remjfins an oil which is added to the kerosene. In the latter case the 
portion of the distillate jjfinging in density betweefl 62“ and 56° B. is 
reserved to add to lower-test oil. ^ The distillation of the kerosene is then 
usually continued until, in the case olf the ordinary oil, the specific gravity 
^ of the whole product is slightly over .800, or in the case of the higher-test 
or water-white oil until the specific gravity of the product is about .790. 
In the distillation of the ordinary oil, it is now the practice to reduce the 
l.oat of the furnace when about two-thirds of the contents of the still have 
been volatilis’ipd, with the olbject of facilitating the process of “ cracking,” the 
time occupied in th^ distillation of the nqphtha and ordinary oil being 
usually thus extended to three or even four days, with stil]^ of the dimen- 
sions given. The percentage of naphtha and kerosene varies with the 
character of the crude oil, but the average yield of crude naphtha is usually 
about 12 per cent., and of kerosene of ijo" fire- test about 75 per cent., in 
the case of the ordinary United States crude petroleum 

Of the higher-class kerosene, known as “water-white” oil, from 12 to 20 
pel' cent, is obtained with a corresponding diminution in tlffe yield of the 
ordinary kerosene. The fluid residue in the still, known as residuum, 
amounts to about 6 per cent., and when this has been run off there 
remains in the still a q^uantity of coke, representing fr^m one to one and a 
half per cent, of the ’charge of crude oil, which has to be removed by hand 
befoie the still is re-charged. The crude naphtha is re-distilled by steam heat 
in /jylindrical stills holding 500 bjjrreJs or more, provided with suitable 
arrangements for efficient condensation, and is sometimes separated into the 
follosvijig commeicial products : 
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Density _ 
Uauiu^. ' 

Sp, Gr. 

Uco. 

• 

1. Rhigolene or cymogene 

2 . Gasolene ^ . 

3. Boulevard gas fluid 

4. Prime city naphtha (benzoline) 

5. gf' ifine .... 

90" 

88“ to 86“ 

76“ 
to 68“ 

62“ 

.636 

.642 to .648 
.678 

.690 to .707 
.729 

(For surgical purposes 

1 as a local ansesthetic. 
ifor air-gas machines. 
l<K)r street naphtha lamps 
For sponge lamps, &c. 
(For oikcloth and var- 
( nish glaring. 


The percentage of these products varies, but as a rule amounts tq about 
25 per cent, of the first three collectiveijf; rather over 25 per cent, of the 
fourth, and about 40 per cent, of the fifth. Of rhigolene, the crude n^htha 
frequently yields bftt o.i per cent., and of gasolene from one to three 
per cent. ^ 

By some refiners^ the products are classified as follows : 


Petroleum 
, ether. 

Petroleum 

spirit. 


r. Cymogene 

2. Rtiigoleoe 

3. Gasolene . 


( 4. 0 . Naphtha (benzine-naphtha) 
5. B. Naphtha .... 
6. A.^Naphtha (benzine) 


loS** • 
94® to 02® 
95* to to® 
76® to.7o® 
66® to 65® 
59® to si® 


, *590 
.625 to .631 
.635 to .666 
.678 to .700 
.714^0.718 . 
.741 to .745 
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Of these pi-oducts, Mr. Alfred H. Alien Commercial Organic Analysis,'' 
vol. ii.) states that cymogene consists chiefly of butane and is 

condensed by artiflfeial pressure ; rhigolene of pentane ( 0 ^H„) ,and isopen- 
tane; and gasolene of hexane (C«Hi4) and isohexane. The less volatile 
products consist of heptane, octane, and the higher homolpgues of the paraffin 
series of hydrocarbons, with isoparaffins, olefines, and traces of the benzone 
series of hydrocarbons. The fraction having a, specific gravity of .685 to 
.690, is sometimes termed ligroin. The “berKsin" of the United States 
Pharmacopoeia is the portion of the distillate, f^om American petroleum 
having a specific'gravity between ,670 and .675, and boiling between 50® 
and 60* 0 . (122° and 140* F.). Th6 ‘‘ petroleum-benzin ” of the German 
Pharmacopoeia consists of the colourless, non-fluorescent portions of petroleum 
having a specific gravity of .640 to .670, and distilling almoa:. entirely 
between 55° and 75*^ C. (i3i®and 167" F.). “Petroleum-naphtha” is required 
by the New York Produce Exchange to be water- white and sweet, and of 
density from 68“ to 70“ Baume (sp. gr. .707 to .690). 

The time occupied in working the charge is abouj 48 hours. Some of 
the naphtha products are treated with acid and alkali, in the manner here- 
after described in the case of the kerosene, with the object of deodorising 
them, one-half per cejit, of acid* being usually found sufficient and the 
agitation being effected by a revolving paddle. 

Petroleum spirit is a very volatile and inflammable, colourless, mobile 
liquid, of characteristic and not unpleasant odour when properly refined. 
It is but very slightly soluble in water, but dissolves in about six parts of 
rectified spirit. Most of the fixed oils, naphthalene, paraffin, &c., are freely 
soluble in it, and it mixes in all proportions with amylic alcohol, ether, 
chloroform, benzene, and oil of turpentine. Petroleum spirit is not a liquid 
of uniform chemical composition, and the specific gravity of its vapour vaiies 
accordingly, but may roughly be said to be three or four times that of air. One 
volume of the liquid ordinarily give^ about 141 volumes of vapour at common 
temperatures, and one volume of vapour will render about 113 volumes of 
air inflammable, or about 35 Volumes of air strongly explosive. 

The aim of the refiner has always been to produce from the crude 
petroleum the largest yield of burning oil of satisfactory quality — that is to 
say, of an oil containing neither, on the one hand, so large a proportion of the 
lighter hydrocarbons that the flashing point or fire-test is below the required 
limit ; nor, on the other hand, so much of the heavier hydrocarbons that the 
oil does not burn freely in the lamp. At fiist the distillation was so 
conducted as merely to effect a separation of the hydrocarbons existing in 
the crude petroleum, but for many years past the process termed “ crocking ’ 
has beei^ largely adopted, and the yield of kerosene has thereby'H>een 
greatly augmented, the intermediate hydrocarbpns of the crude oil, which 
have too little viscosity to admit of their advantageous use as lubricants, 
being broken up and converted into hydrocarbons of less density which may 
be allpwed to pass into the kerosene distillate without injury to the burning 
quality of the latter. The process of cracking is carried out by conducting 
the operation of distillation so^ slowly that the less volatile hydrocarbons 
become condensed in the upper part of the still, which^ as already stated, is 
exposed to the air, and falling bac^; into the oil are heated to temperatures 
above their bqiling points, when the required dissociation occurs, the gaseous 
products evolved being utilised as fuel.* 

The kerosene'* distillate obtained in the manner described rhas an empy- 
reumatic odour and qilickly becomes darkened in colour. With the object 
of removing these Aefects, it is treated with About i J per cent, of oil of 
vitriol. , The treatment is effected in cylindrical iron vessels (sometimes lead- 
* This subject is further dealt with iu § XXll p. 304. 
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lined), termed agitators, 40 feet or more in height, by 20 feet or more in 
diameter, and holding from 1200 to 1800 babels of oii The distillate, 
which should not have a temperature much above 15.5* C. (60* F.), and 
should be perfectly free from water, having been pumped into the agitator, 
the add, which is forced to the top of the tank by air-pressure, is showered 
into the oil through a perforated leaden pipe. A Wast of air is then 
admitted at thi base of* the ^nk and the contents are actively agitated, the 
acid being thus brought thoroi^hly into contact jvith the oil. Some 
refiners introduce first a vSry smaU quantity of acid, agitalfe the oil for a 
short time and draw off the acid, which quickly subsides to the bottom of 
the agitator, thus effecting the removal of water held in suspension in the 
•oil. AbouJ half of the remaining acid is then added, agitation continued 
for 45 minutes, the acid being then allowed to settle for an hour and drawn 
ofl\ and the final portion of the acid added. After a similar period of 
agitation and irest the acid is again drawn off, and water is allowed to flow 
down through the oil in fine streams issuing from a perforated pipe run- 
ning round the upper cftlge of the tank. This •washing is continued for four 
or five hours, the water flowing off concurrently from the Ubttom of the 
agitator until the acid has been almost all removed. A final washing with 
w’ater is then effected by closing the outlet at the botfom, and starting the 
air-blast, and this water having been drawn off, the oil is lastly agitated for 
about 30 minutes with i per cent of a solution of caustic soda (strength 
12" B.). Occasionally the oil is subjected to another washing with water 
after the alkali treatment. The acid used in the process is frequently 
recovered and concentrated for further use. From the ag^'tator the kero- 
sene is run into a shallow rectangular tank, provided with a steam or 
hot-water coil for raising the temperature in cold weather. There any 
water present is deposited and the oil becomes bright. In connection with 
the settling tank is an arrangement for “ spraying.” This operation 
conststs in forcing the oil in fine stimms through small orifices in pipes 
placed above the tank, some of the more volatile hydrocarbons being 
eliminated and passing injto the air, and the flashing-point of the oil, i& too 
low, being raised to the required point. From the settling tanks the oil 
passes to the barrelling or canning tanks. The burning oils cldefly manu- 
factured in the United States are of the following grades: — Fire-test 
110“ F., Abel-test 70“ F. ; Fire-test 120 F., Abel-test 73** F. ; Fire-test 
1 5 o'" F. The 150*' fire-test oil is nominally “ water-white” (colourless), and 
the other oils range in colour from “prime-white” to •“ standard- white ” 
(straw colour to pale yellow), ffhe rules of tjie New York Produce Ex- 
cliangii fequire that refined petroleum shall be standard whitd or better, 
with a burning-test of 110“ F. or ufswwds, and a specific gAVity not 
below 44° Baum 4 , United States Dispensatory Standaid (not above .811 
specific gravity). Until within the last fe^ years, the greater part of the 
oil exported from the United States wi\s of no® fire-test, the United Eling- 
<lom, however, taking' 120* fire-test oil. Since the introduction of the Abel 
system of testing, a large proportion of the oil has beeq manufactured of 
70“ Abel-test for shipment to the Continent of Europe ; while fof use in 
this country, the oil re made of 73® A'bel-test. The water- white oil of 150* 
fire-test is considerably lower in density tj;ian the ordinary oil, the specific 
^vity now usually ranging from ^82 to .786. Besides these grades, there 
18 manufactured, to a comparatively small extent, a burning oil of 300* F. 
fire-test, and (fensity from ,825 to .830, whjch, under #the name of Mineral 
Spertn Oil, or Mineral Colza Oil, or Mineral Seal Oil, is employed in cases 
wherem the .use of a more readily ignitable oil might *be objectionable.^ 
This oil is stated to be preferably composed of the*distillate from the'crude* 
oil, ranging in density from 40* B. to 3a® B. (sp.,gr. ,8235 to .8641), treated 

. N 
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with sulphuric acid in the proportion of four ounces of acid to one gallon of 
oil, washed with colution of caustic soda, and then redistilled over soda lye« 
Of such oil about lo per cent, may be obtained from the cimde*^ petroleum. 

The residuum drawn from the kerosene still has a density of about 
19'' B. (sp. gr. .942). It is allowed to stand for several days, in order that 
the fine particles of coke may subside, and is freq^uently conveyed from the^ 
kerosene refinery to the lubricating oil refinery in bulk barges.^ The 
distillation of the ijpsiduum is effected in cylindrical stills (commonly 
constructed of steel) holding 260 barrek/ The' form of condenser already 
described in connection with the distillation of kerosene is employed, but 
the water with which the pipes are surrounded is maintained at a temperar 
ture high enough to prevent the solidification of the paraffin^ In some^ 
instances, air condensera, consisting of pipes eight or ten inches in diameter, 
rising slightly as they pass from the still, and provided with outlets at 
intervals, are employed. Superheated steam is passed into the stills during 
the distillation, the obiect being to prevent dissociation, as far as possible, 
during the volatilisation of the lubricating oils and solid prraffin, instead of 
promoting this action, as in the case of the distillation of the kerosene. 
The charge is distilled to dryness, the process occupying about 30 hours, 
and the coke which remains in the still usually amounts, with the loss in 
gas, to about 12 per cent, of the residuum. The first portion of the 
distillate, of a density of about 38® B. (sp. gr. .833) and amounting in some 
cases to as nyich as 20 or 25 per dent,, is frequently reserved for redistilla- 
tion in admixture with crude oil. The remainder of the distillate is 
commonly collected in at least two fractions, the proportions and specific 
gravity of which depend upon the description of lubricating oil required. 
In many cases, the second fraction consists of an oil of. density 31“ B. to 33* B. 
(sp. gr. .870 to .859) of which about 25 per cent, may be obtained, and the 
remainder of the distillate will then consist of an oil of density about 22“ B. 
to 24° B. (sp. gr. .921 to .909). The' second fraction may be either sub- 
divided by redistillation, or^ made into what is termed neutral oil (after 
sepasreition of the paraflin by cooling), by filtration^, through bone-black, to 
remove colour and odour, and exposure to the air in shallow tanks, with the 
object of diminishing the fluorescence. Neutral oil, which generally has a 
fire-test of 300** to 350° F., is employed in admixture with a fixed oil (to 
give it additional viscosity), as a lubricant for light machinery, such as 
spindles. The third fiuction is the “ stock ” for engine oil, and when it is 
desired to produce' an oil suitable for heavy machinery, the percentage of 
this fraction is diminished (tjie yield of the Lecond fraction being correspond- 
ingly increased) so as to produce an oil of density 2 1° B<,or 20” B. (sp^gK, .927 
to .933). ' The fire-test of the oil obtained, ranges from 177® C. (350° F.) 
upwards. In certain cases; 4>he distillate is reduced by carefully distilling 
off, with the aid of superheated stedm, a portion of the more volatile hydro- 
carbons (after removal of the paraffin by cooling), the residue in the still 
being afterwards filtered through bone-black. Whatever be the proportions 
in which the lubricating oil distillate is divided, the first stage in the process 
of refining consists in the treatment of the oil with from three to five per 
cent, of its volume of sulphuric acid, followed by the usual washing with 
water and caustic soda solution, t{ie oil being maintained throughout at such 
a temperatvfi^e as to prevent the paraffin from crystallising out. To obtain 
the solid hydrocarbons, the oil is then exposed to a low temperature. The 
cooling was formerly effected somewhat rapidly, but it has b^n found that 
slow cooling favours the formation of large crystals, and facilitates the 
expression of the oil. It ^is therefore now the practice to operate upon a 
considerable bulk (as mucii as 3000 gallons) and to extend the chilling over ‘ 
^ period of about 26 hours., The cooling is effected, in modem wor^, in a 
cellular tank, the oil cells alternating with pells through which a solution of 
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magnesium chloride, brought to a sufficiently low temperature by means of an 
ammonia refrigerating apparatus, circulates. The chilled ^oil is removed in 
*a solid, or semi-solid mass, placed in strong canvas bags, und subjected to 
cautiously applied hydraulic pressure, at a temperature of 4.5" 0 . (40'^ F.). To 
effect a further separation of oil, the press cakes are broken up, melted, and 
re-crystallised, and subjected^x) a second pressure of about 200 lbs. per square 
'inch, at a temperature, of ( 70® F.). The residuum yields thus about 

9 per*cent. of paraffin “ scaie,” or crude paraffin wax. The paraffin scale 
separated from oil of sp. gr.4905, has a melting point of*about#52° C. (125® F.) 
(American test), and that from oil ?f sp. gr. .885 a melting point of about 
47*0. (117° F.). The further purification of the paraffin is effected by 
crystallisation from pStroleum spirit, and filtration through animal charcoal 
*(bone-blacl»), or by fractional fusion (the material, cast into thin slabs, being 
exposed to a temj^erature just sufficient to cause the mefting and draining 
out of the more fusible hydrocarbons), followed by the charcoal treatment. 

Paraffin dhiefly consists* of a mixture of hydrocarbons of the paraffin * 
series, C„Hjn+g, togetl^er, doubtless, with olpfines, the specific gravities, 
melting points, ahd boiling points of the hydrocarbons of which it is composed, 
.varying within somewhat wide limits, W^ien purified, paraffin is a white, 
or bluish-white, translucent, waxy solid of lamino^rystalline structure, 
devoid of taste and smell, and characteri led by chemical indifference {parum 
affmis). ^i’he specific gravity of paraffin obtained from Ignited States petro- 
leum, is usually about .908 at 15.5'^ (60® F.), or aboul .750 at 100“ C. 
(212" F). Beilby has shown that paraffin in solution has p^actically the 
same specific gi*avity as when in a state of fusion. At a temperature below 
its melting point it becomes plastic, a characteristic which is sometimes very 
inconvenient when the material is used in the form of caa(^les, but this can be 
neutralised to some exUent by the admixture of a small percentage of stearic 
acid. When two blocks of paraffin are struck together, a sharp metallic 
sound is omitted, especially if the n^elting point of the paraffin be high. 
Expased f^or some time, under slight pressure^ to a temperature above its 
melting point, paraffin undergoes a molecular change, and becomes 
transparent, but upon a change of tompei^-ture, or upon being struck, the 
translucent appearance returns. Paraffin^ freely soluble in petroleum, or 
shale oil and spirit, in ether, in benzene, and in essential oils. It 'is sparingly 
soluble in hot absolute alcohol, but separates on cooling. It is insoluble in 
rectified spirit and in alcohol. When boiled with conc^trated nitric acid, 
^ratfin is oxidised with the formation of succinic and cerptic acids. Paraffin 
IS also oxidised when heated with potassium permanganate, and sulphuric 
acid. At a high temperature, it fa slowly attacked by concentrajpd sulphuric 
acid )wchIorine also, when passed into melted paraffin, attacks it gradually. 
When heated with sulphur, j^raffin is decomposed, sulphuretted hydrogen 
being evolved, and carbon deposited. * 

Paraffin is chiefly consumed as a candte material, but is also lai'gely 
employed to communicate the required combustibility to wooden matches, 
and the writer has seen it applied in a thin coating over the heads of matches 
to render them waterproof. The use of paraffin for strengthening and 
waterproofing woollen fabrics was patented by Dr. Stenhouse. Pfiraffin is 
also employed for glazitig frescoes ancJ papgr, for saturating gypsum figures, 
and to impart gloss to starched linen. The paper cases of dynamjjie cartridges 
are sometimes dipped in melted pajraffin. It has also been recommended as 
a lining for beer barrels, and as a protective coating for •the labels and 
stoppers of bottles containing corrosive fliiids. It forms the basis of a 
presifervative liquid for stone,* is used in preserving eggs, and has been 
suggested to be similarly applied to meat, fruit, ai\d flowers. Paraffin also « 
forms a good electrical jpsulator. An applicat’on of the material was some 
time ago suggested by Mr. Joly of Dublin, who* found that two blocks of* 
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the material, placed in juxtaposition in the sight- box of the Bunsen photo- 
meter, form an exfellent substitute for the ordinary disc. The writer has ^ 
used this disc-subStitute and finds it capable of affording vj^ry good results. 
Paraffin Is also used in making models for ship-building, in consequence of 
the facility with which the material is moulded. ♦ 

Towards the end of the distillation of the residuum, dense vapours issue . 
from the still, and readily condense into a hard resinous substUnce of sp. gr. 
about 1.25, from which the hydrocarbons termed carbozene, carbopetrocene, 
and thallene ha\’e been obtained. ^ ^ 

It has been already stated that ..certain kinds of crude petroleum ar^ 
employed as lubricants either in the state in whichf.they issue from the 
earth, or after they have been “ reduced” by the removal of a portion of their o 
more volatile consjiituerits. Such crude oils usually range in density from 
about 28“ B. to 31'’ or 32° B. (sp. gr. .886 to .870 or .864). The reduction 
is sometimes effected by simple exposure of the oil to the air pn the surface 
of water in shallow tanks ; in other cases, by the action of steam heat in open 
vessels. Where, however, it is desired to obtain an oil of h\gh viscosity (say 
an oil of density 26° B. (sp. gr. .897) and fire test 316° 0 . (600“ F). or pver), 
the crude material is carefully deprived of the more volatile hydrocarbons in 
a still, the removal of Vhe vapour being assisted by the mechanical action of 
free steam. In this operation it is most important to prevent the cracking 
of the oil, as the body ” or viscosity of the product would be thereby re- 
duced, and in some cases vacuum stills have been employed. The “ cylinder 
oil ” thus obtained is allowed to stand for severnl days at a temperature of 
49“ C. (120“ F.) in order that particles of coke and other impurities may 
subside, and is sometimes partially decolorised by filtration through animal 
charcoal. .. 

The foregomg Is a general outline of the processes usually adopted in the 
manufacture oi lubricating oils and paraffin from crude petroleum in the 
United States, but it will be readily understood that the processes*' are 
frequently necessarily modified to meet the special requirements of the 
refiner. The number of grades o,f mineral lubricating oils in the market is 
very considerable, but the following are among tfiose most largely manu- 
factured : fale oils (sp. gr. .881, *.903 to .907)', Engine oil (sp. gr. .917 to 
.920), Dark machinery oils (Summer, winter and medium), Cylinder oils 
(Black and filtered). 

There remains yat to be noticed one product of American petroleum, 
namely, vaseline, which may be described as an amorphous or comparatively* 
uncrystalline semi-solid paraffin. This substance was first introduced into 
commerce by- the Ohesebrough Manufacturing Company, and the process of 
manufaetiiTe adopted by the ccaqpany is stated to consist essentially in the 
removal by careful distillatiofi, from selected crude petroleum, of the volatile 
hydrocarbons present, and the purification of the residue with animal char- 
coal. In order to reduce the temperature at which evaporation takes place, 
and 'diminish the tendency to dissociation, vacuum r stills are employed. 
The process of manufacture which yields the best product consists in the 
efficient filtration of the material through animal charcoal, and subsequent 
exposure to superheated steam, but as very considerable quantities of animal 
charcoal are required for this piocess, some refiners first treat the raw 
material with sulphuric add and ‘bichromate of potassium. It is, however, 
difficult if not ynpossible to effect the complete removal of the acid, and aa 
the vaseline might thps be left in a condition in which it woUld be liable to 
cause irritation of the skin in use, it is better tjp effect the purification by the 
use of charcoal only. , 

Vaseline is usually a 'pale yellow or colourless, translucent, fluorescent, 
semi-solid substance. It should be free from taste and smell, and devoid of 
(srystalline structure. Its melting point is commonly from 40“ C. (104® R) 



l^mNO OF FES^LI^M IH JtUSSIC 

upwards, and its specific gravity at loo® 0. (212" F.) is from 0.803 upwards. 
It probably consists, like parafiin wax, principally of a mixture of hydro- 

• carbons of tjie paraflSn series, the iso-paraffins from to being, 

apparently, the most prominent constituents, but olefines are doubtless also 
present in a notable propoitiion. Vaseline is insoluble in water, but 
dissolv'es in boiling alcohol, the material separating in flakes on cooling. 

* American vaseline dipokea^ freely in ether, chloroform, benzene, carbon 
bisulphide and oil of turpentine. 

The refining of petroleum in Jhe United States isAo a very large extent 
in the hands of the StandaJd'Oil Company, who have a considerable number 
of refineries, some of which are of gretft size. 


XIX. The Refining of Petroleum in BdOBsia. 

The refining of petroleum in Baku is conducted under various conditions, 
a portion of the trade being still in the hands of Tartars, who perform 
the opei*ations,in a*most primitive and unsatisfactory manner, whilst 
the bulk of the business is carried on in large establishment!# provided with 
the most modern appliances. The primitive refinery consists in many 
cases \if \ single ten-barrel still heated by petrdleum which is allowed 
to flow upon the hearth of th»' furnace and there burns with the 
production of much dense black smoke. Such a repnery is commonly 
destitute of any arrangements for the proper chemical treatment of the 
distillate, and the kerosene produced is of veiy inferior quality. At the 
great refinery of Messrs. Nobel Brothers (who were the first to erect at 
Baku a complete plant for the refining of the raw material on scientific 
principles) the distiHation of the kerosene is effected on the continuous 
principle, the particular method of application which is adopted having been 
patented in Russia by Mr. Ludwig Nobel in 1882. The plant employed 
coifeists of a series of horizontal cyliiidrftjal stills, Fig. 114, usually arranged 
in groups of fourteen, through which the «crude petroleum, previously 
heated, is caused to flow. The stills heated to carefully regplated 
tem}>eratures corresponding with the volatilising points of the products to 
be obtained from them. liii this manned from the first still of the series, 
which is the least heated, the most volatile fraction is obtaine3, the boiling 
point and density of the products flowing from the successive condensers in- 
creasing with the temperatures to which the stills are^subjected, until from 
• the last still of the series, which is the most highly heated, the densest fi-ac- 
tion which can advantageously be included in the kerosene is collected. 
From this last still, the residuum, which in Russia bears the naoie of astatki/^ 
or that of maauty flows into a stonige^ tjjnk. The writer was informed by 
the late Mr. Ludwig Nobef that the procesg of continuous distillation is 
peculiarly suited to the refining of Kussiai* petroleum, since the proportion 
of kerosene obtained is compai*atively small, and the material flowing 
through the stills is thus not very gi-eatly altered in character during the 
operation. The stills employed are 22 feet in length by 8 feet in diameter, 
and are heated with astatki blown into the fiimace in a* finely divided state 
by steam, the comlmstion thus befhg rendered smokeless. In Ihe Nobel 
refinery at the time of the writer’s visit in 1884, the pitniucts obtained from 
the kerosene stills were collected in thr^ fractions, termed^respectively — 
benzine (sp. gr. .754), gasolene (sp. gr. .787),! and kerose^^e (sp. gr. .820 to 
.822 {). Of fhe most volatile product, about one pe^ cent, was obtained, of 

* Aitalhi is the correct local name for the residuum, the term mamU being properly applied 
only to crude fietroleum which ha« lost its volatile coiystitueota by exposure to the air* 

t It is now agreed to a^ly the more appropriate names of “light benzine “ and ** heavy 
henzloe ” to these two pro^cts. 

t The specific gravity of the kerosene is noa' usually .^25. • 
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the next fraction about tILree per cent., and of kerosene, at the time of the 
writer's visit, about 27 per cent. Latterly, however, improvem^te in 
method of instillation, coupled -with a slight increase in the specido gravity 
of the product, have resulted in the yield of kerosene of Jood quality bei:^ 
in some instances increased to about 35 per cent. For the more volatUo 
fractions there is bflt little Remand, and much is burned to get rid of it. 
At the Nobe^ works, the^kerasene is treated in lead-lined agitators, holding 
aboTifc 57,000 gallons, Vith ^out per cent, of sulphuric arid, the oil being 
afterwards wa^ed with ^ter, fijpd with a solution of caustic soda, as in the 
United States, the agitation being effected similarly by means of a blast of 
air. At other refineries, the crude oil is found to yield 20 per cent, of 
kerosene of sp. gr. .'<815 and flashing point 30"* 0 . (86® F.), and as much as 
38 per cent, of kerosene of sp. gr. .821 to .822 and flashing point 22* 0, 
(71.6® F.). The standard flashing point of Russian kerosene for export is 
38* C. (82.4® F.) (Abel-Pensky test), and the colour 2J (2 = Superfine white, 
and 3 = Prinfe white). 

The capacity of the kerosene stills employed by many of the refiners is * 
somewhat over®4ooo imperial gallons, and three or four charges are “run” 
in the 24 hours, the lubricating oils being distilled in smallef stills, 

Tim astatki or residuum which has a sp*. gr. of .905 and upwards is largely 
used as fuel, but is also to some extent manufactured into lubricating oils of 
various grades. At one of the largest lubricating oil refineries the distilla- 
tion of the residuum is conducted in horizontal cylindrical stills bolding 
about 8000 kilos., the charge being worked off in 24 hours, apd the distilled 
})roducts being partly fractionally separated in air condensers, and partly in 
water condensers. The stills are heated with astatki and the distillation is 
fissisted by the use of superheated steam. The process is usually continued until 
the distilled product bas a specific gravity of .915 to .920. but in some cases the 
operation is suspended when the (hstillate has a specific gravity of .912 and a 
further quantity of astatki is added to the residuum which remains in the still, 
it being found that a denser prodifct can thus be obtained. The distillate 
collected is then fractionated by another distillation, the first and second 
fractions, which are of th© specific gravities of .865 and .875, being sold %s “ gas 
oil” and “ cloth oil ” respectively, as the^ are of too little viscosity to admit of 
their use as lubricants. The next fraction (sp. gr. .885 to .^ 95 ) ^ 

“spindle oil,” the following ( sp. gr. .895 to .910) as “machine oil,” and the 
last (sp. gr. above .911) as “cylinder oil.” From the material which now 
remains in the still, a product, which is semi-solid at <3bmmon temperatures, 
and in this respect resembles American vaseline, is obtained by adding the 
fractiop of .865 sp. gr. in the proportion of one p^ to three parts of the 
reskiue in the still, and carefully continuing the distillation with the aid of 
superheated steam. The purification* oS the lubricating oil distillates w 
sometimes effected by treating them with from 5 to 10 per cent, of sulphurio 
acid and afterwards with slaked lime, the process being completed by a final 
distillation. In other cases, the oil is simply treated with arid, and after- 
wards with dry potassium carbonate. At the Nol^ works, the coxitmuous 
process is also adopted in the distilling of lubricating oils, the stills, which are 
22 feet in length and 10 feet in diameter, being arranged in groups of 9. The 
manufacture of paniffin scale is not^carried on in Baku, the crude petroleum 
containing but a very small percentage (about J of a per cent.) of this 
product, so that, the lubricating»oils require no separation bf solid hydro*- 
carbons by exposure to a low temperature to fit them to resist extreme cold 
without solidification. According to thp late Ms. Nobel, Russian crude 
petroleum yields about 5 per cent, of cylinder oil besides upwards of 30 per 
cent, of other lubricating oils of less density, and one j^r cent, of vaseline, 
there remaining 14 ^r cent, of material suitable for use as liquid* fuel, flue 
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lo8S in the process being lo per cent.* From Russian crude petroleum 
there is also obtained a heavy burning oil termed solar oil or pyronaphtha, 
which under the name of oleonaphtha, was first introduced ^ by Messrs. < 
Ragosine. Of siicfi oil, having a sp. gr. of ,865 and a flashing point (closed 
test) of 96'’ 0 . (205° F.) from 12 to 15 per cent, can be obtained from the 
crude material. The Ragosine Company manufacture the*following grades of 
lubricating oils : — “ Extra heavy cylinder oil ” (^. .020), “ Dark cylinder 

oil” (sp. gr. .918 to .920), “Cylinder and valve, oil ” \sp. gr. .912 to .915), 

“ Engine machinery oiV' (sp. gr. .905 to .907) . 

Russian lubricating oils have at common remperatures (onsiderably 
greater viscosity than American lubricating oils of similar specific gravity, 
but suffer a greater diminution of viscosity when subjetted to equal incre- 
ments of temperature. 

This is shown in«the following table : — • 

VISCOSITY.— Seconds fob 50 0.0. 

Beavlts obtained with Redwood^ a Standard Viscometer. 


Temncra- 
ture Fahr. 

I 

e 

3 

3 

f. 

4 

5 

dll 

6 j 

7 

8 

r 

9 

IC 


50“ 



7i2i 

• 

620 

__ 

145 

425, 

1030 

2040 

2520 

* — 

60 

2 Sh 

540 

177 

470 

— 

105 

2954 

680 

1235 

1980 

— 

70 

405 

1361- 

366 

— 

90 

225 

485 

820 

1320 

— 

80 

— 

326 

113 

280 

— 

73 

171 

375 

580 

900 

— 

90 

— 

• 260 

96 

2i9i 

— 

63i 

136 

262 

426 

640 

— 

100 

— 

2i3i 

8oi 

I74i 

— 

54 

III 

200 

315 

440 

1015 

1 10 



169 

7oi 

I47i 

— 

50 

894 

153 

226 

335 

7394 

120 



147 

6 oh 

126 

— 

47 

78 

126 

174 

245 

531 

130 



i23i 

57 

112 

— 

44S 

634 

lOI 

1354 

i«5 

3984 

140 


105^ 

50i 

m 

— 

41 

58 

82 

I16 

145 

3174 

ISO 

— 

'ISt 

49 

75i 

— 

37i 

52 

704 


115 

250 

160 




47i 

70 

— 


46 

63J 

834 

934 

200 

170 



76 

46 

62 

—f 

• — 

— 

58 

704 

774 

ill 

180 



69 

44i 


-- 

— 

— 

524 

614 

674 

1344 

190 



64i 

43 

S3 

— 

— 

— 

47 

5^4 

61 

”54 

200 • 

— 


42 

5oi 

54f 

— 

— 

• 42 

484 

54 

994 

210 

— 

54 

4 o£ 

aH 

— 

— 


40 

— 

— 

85 

220 

— 

SO 

39 

47 

— 

— 

— 

38 

— 

— 

IL 

230 

— ‘ 

47i 

36^ 

45* 

— 

— 

— 

— 

— 

— 

704 

240 

— 

ASh 

35 ^ 

446 

— 

— 

— 

— 

— 

— 

644 

250 

— 

43 i 

,. 54 i 

44 

40 

— 

— 

— 

— 


594 

260 

— 


33 f 

43 i 

— 

— 

— 

— 

— 

— 

54 

270 

— 

— 

• 32 i 


— 

— 

— 

— 

— 

— 

fA 

280 

— 

— 

3 iii 

41 i 

— 

— • 

. — 

— 

— 

— 

464 

290 

300 

““ t 

~~0 


3 oJ 

30 

4 ^ 

38 



— 


__ 

— • 

44 ^ 

« 42 i 

310 


— 

— 

^ 5 * 


— 






320 

— 

— 


3 M 

• !- 





. 




1. Water, 

2. Kefined rape (9I. 

3. Sperm oil. 

4. Neatsfool^oil.* 

5. Beef Tallow. 


6. American mineral oil, sp. gr. .885. 

7. n n f» , >* • 9 * 3 ' 

8. ,, « »> *1 • 9 ^ 3 ' 

, 5 , 9 . Russian „ n »» •909' 

10. „ „ M -915 


S, Beef Tallow. 10. „ „ » -vo- 

II, j^ssian mineral oil, sp. gr. .884 (semi-solid at common temperatures). 

• Mr. Chambers, U.8. Consular Agent, gave some time ago the following tabular state- 
ment of the result# usually obti^ned : 

_ Illuminating oil . . - . 30 per cent. 

Lubricating oil • « . . ao per cent. 

Waste IS per cent. 


IOO 
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It will be noted that the specific gravity of Russian kerosene is con- 
siderably higher than that of American ; the product, however, has a 
greater capacity for ascending the wick of the lamp by capillary attrac- 
tion,* and although in most lamps a flame as large and as white as that 
yielded by good ordinary American kerosene, cannot be obtained from 
Russian kerosene, the size of the flame is, as a rule, better maintained 
throughout an extended* period of burning. 

•Ehe following classification of Russian petroleum products was adopted at 
the Petroleum Conference held«at Baku in 1886 : — • 

1. Benzine, two sorts, nameljf : — 

(a) Light benzine, colourless, used lor manufacturing india-rubber goods, 
and distilled at a temperature not below 130^ Centigrade, or 266* Fahren- 
heit. • 

(b) Heavy benzine, of a pale yellowish colour, yielding 10 per cent, 
refuse when distilled at a temperature as high as 150° Centigrade, or 302“ 
Fahrenheit.* , 

2. Kerosene, specific gravity 0.830; two sorts: — 

(a) Safe, flashing point not less than 25° Centigrade,, or 77* Fanren- 
neit. 

Unsafe, flashing point below 25“ Centigrade^ or 77* Fahrenheit. 

3. A stralin, specific gravity 0.850, of a pale yellowish colour; flashing 
point less than 50“ Centigrade, or 122" Fahrenheit. 

4. Solar oil, specific gravity above 0.850, but ifot exceeding 0.880; 
flashing point not below 80® Centigrade, or 176° Fahrenheit; may be of 
very pale yellowish colour. 

5. Lubricating oils, specific gravity from 0.S80 and upwards. 

6. Crude oil, specific gravity from 0.850 to 0.S80 , flashing point below 
70'’ Centigrade, or 1*58° Fahrenheit. 

7. Mazut, or crude oil deprived of volatile light substances by exposure 

te ail-; specific gravity above 70° Centigrade or 158* Fahrenheit; and 
residue, locally called “ astatki naohing point not below 140* Centigrade, 
or 284" Fahrenheit. * 

8. The diflferent petroleum products in a solid state, asphafte, ozo- 

kerit, &c. • • 

9. Ceresine, paraffin, vaseline. • 

10. The diflferent greases, varnishes, and mastics derived from petroleum. 


XX. The Refining of Petroleum in Canada. 

* The distillation'of crude petroleum is commonly commencectin Canada in 
horizontal two-flued cylindrical stills, ^o feet in length by 10 feet in diameter, 
provided with six 2 -inch vapour pipes. TJJie stiUs are heated with petroleum 
residuum as fuel, and take a working charge of 260 barrels. The distillation 
of the naphtha, of which the Petrolia crude oil yjelds about six barrels per 
charge, occupies from two to three hours. The heat is then increased, and 
about 80 barrels of kerosene distillate is <fbtained, the operation occupying 
about ten hours. The first portion ©f the kerosene distillate is usually collected 

• 

* This is clearly shown by tbe following flpnfres which represent the respective quantities 
of the oils enumerated, which, in a series 01 experiments made by the writer, were removed 
from vessels of tbe same size by tbe oapillai'y attraction of ordinary lanof) wicks of two qualities 


uuir. 

Bp. ga 

ifeest wick. 

Inferior wick. 

• 

grains 

grains. 

Amtrioan kerosene (water white) 

.790 

, 20^0 

... X04.3 

Bussian kerosene (ordinary) 

.833 

•. 303.6 

94.2 • 

Amerioan kerosiae (ordinary) 

.800 . 

. 146.0 

... 69.7 
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^parately, steamed to drive o£f the more volatile hydrocarbons, and afterwards 
added to the remainder of the kerosene distillate. The distillation being con- 
tinued, about 8o barrels of a product known as tailings ” is then obtained 
in about seven hours. This product is fractionated by redistillation. At this 
stage steam is passed into the still through a pipe passing^to the bottom and 
perforated at the lower end, and about 21 barrels of “gas-oil” distilled off. 
The residue is converted in smaller stills into lubrical^ng oils <ind paraffin. 
The additional quantity of kerosene obtained by the redistillation of •the 
tailings brings up, the tdtal yield of this product ^/O/ibout 42 per cent, of the 
crude oil. The gas oil is sold for the iflanufacture of illuminating gas. 
Canadian petroleum contains sulphur* compounds in considerable quantity, 
and it is necessary to adopt a special method of treatmlht of the kerosene 
distillate for the removal of this impurity. "Pie agitator in >^hich the 
operations are cond&cted has usually a capacity of 465 barrels. To this 
quantity of distillate, two carboys of oil of vitriol is added, and the oil and 
•acid are agitated together by an air-blast for twenty minutes. The tarry acid 
having been allowed to settle i^ drawn off, and seven parboys more of acid 
added. Agitation having been effected for thirty or forty minutes, the tarry 
acid is removed as before. Anothp similar treatment with seven carboys 
of acid follows, and occationally a fourth addition of acid is made. Tho oil 
is next allowed to remain at rest for an hour, any acid which settles out 
being drawn off, and cold (or in winter slightly warmed) water is allowed 
to pass down through the oil in fine streams, this treatment being continued, 
without agitation of the oil, for half-an-hour, or until the dark colour which 
the oil assumed on treatment with acid is removed. The water is then 
draw off, ten barrels of solution of caustic soda (density 15° B.) is added, 
and agitation conducted for fifteen minutes. The caustic soda solution having 
been drawn off, 30 barrels of a solution of litharge in c&ustic soda is added 
for the purpose oi\removing the sulphur. This solution is made by dissolving 
caustic soda in water to a density of 18" !p., and then adding as much litharge 
as is soluble. Agitation with this solution is continued for about six hours, or 
until the oil is thoroughly deorfbrised. About 100 lbs. of sublimed sulphur 
is then'added, and tho agitation is continued for another two hours. The 
^ oil having been allowed to settle all night, the litharge solution is drawn off, 
and the oil itin into a shallow tank or “ bleacher,” where it is exposed to 
the light to impi ove its colour, and is, if necessary, steamed to drive off the 
lighter hydrocarbons, ^nd raise the flashing-point to the legal minimum of 
95° F. To raise thp flashing-point from 73" F., Abel test (the English , 
standard), to 95" is stated to involve in practice a loss of 10 per cent., the 
burning quality, of the oil beirig at the same t’ime impaired, and upon these 
grounds thepntario refiners in 1886 petitioned for a reduction of the titet 
standard. The average percentiage* yibld of the various products is given in 
the following table : — * ^ , 


Naphtha 5 

Kerosene ? 1 42 

Gas-oil . 8 

Tar 25 

• Coke *0 

Loss (including water) . ^ . , , . , 10 

e 

* 100 


The rules of tfie Petrolia Oil Exchange provide that refined kerosene 
shall be of the odour “locally known as inoffensive,” and shall “absolutely 
stand the test of oxide of lead in a strong solution of caustic soda, without 
change of colour.” Three grades of kerosene are manufactured, the highest 
of which, termed “ Extra Refined Oil,” has a specific gluvity of .800, and is 
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described as “ water- white ” in colour, the other grades being described as 
“No, I Kefined Oil (prime white in colour)/’ and “^o. 2 Refined Oil 
(standard ??hit€vin colour).” The quality of Canadian Icerosene has been 
greatly improved of late years, but notwithstanding the special process of 
refining adopted, the oil, though in many cases thoroughly deodorised and 
of good colour, still cputloins sulphur, and of course evolves sulphur 
compounds iFhen it is burnf. 

XXI. The BefLning of Fetroleiun and Ozokerite* in Galicia. 

At the largest Vefinery in Galicia, which the* writer visited in 1887, the 
kerosenes distilled in the usual horizontal cylindrical stills, the lower plates of 
which are of steel. These stills take a charge of 200 barrels, and are run twelve 
times per month, the petroleum residuum used as fuel being partly burned with 
the aid of & steam-blast (atomised), and partly in admixture with sawdust.. 
The kerosene distillaj^ is treated in lead-lined agitators, holding 500 barrels, 
with from 3 to 4 per cent, of sulphuric acid. At this refinery .^which is situated 
at Reczenyzen, only the crude oil from the neighbouring field of Sloboda- 
Rungurska was distilled at the time of Ihe writerjs visit. This crude oil 
was stated to yield from 4 to 8 per cent of “ benzine ” (according to the length 
of time that the material had been above ground), 58 percent, of “standard 
oil” (sp. gr. ,813 to .816, and flashing point 22“ 0 . or 71.6* F.), 4 per cent, of 
“ inflammable oil,” and 2J to 2 J per cent, of solid paraffin. The paraffin oil, 
which was distilled from the residuum of the kerosene stills in forty-barrel 
stills with steel bottoms, was “ chilled ” by mixing it with crushed ice, and the 
paraffin was obtained by subjecting the semi-solid mass t'> pressure in Canadian 
presses, which are wt)oden lever presses of simple const . uction. Lubricating 
oils were not manufactured at this refinery, and the expressed oil was 
accordingly used as fuel. The capacity of the refinery was 7000 barrels of 
kerosene per month. 

At a smaller refinery which the writer viMted in Cstrzyki, the crude oil 
was distilled in wrought-iron pot stills; 6 feet in diameter and 5* feet in 
height, the condensers brkig worms of »3-inch iron pipe. At this refinery 
various classes of crude oil were distilled, and the percentage of products * 
obtained was as follows • 

Wietzno Ropienk* Po1ui» 

crude. * crude. crude. 

Benzine 15 ... * 10 ... 5 

Saloon oil . . ^ • • 3° 35 ••• 40 

• Second grade oil . . . 8 to 16 ... 10 ,4.. 15 

The residue was further distDled 1n*the same stills, and yielded about 
20 per cent, of heavy oil, which was re-ffistilled. The final residue usually 
amounted to about 10 per cent, and the loss to about the same percentage. 
It appeared to be customary to mix the second grade of kerosene with 
benzine, and a burning oil was thus obtained which was inflammable at 
common temperatures, but which was nevertheless used locally to a con- 
siderable extent, s# • 

In the refining of ozokerite, the ra^^ material, which has been separated 
from earthy matter by fusion, is treated with Nordhaus^n oil of vitriol, 
whereby a portion of the material becomes converted into a soluble sulpho- 
oompoundf and afterwards with charcoal.* The purifi^ ozokerite, which 
l^hen bears the name of oeresin, is separated as ^ar as possible from the 
charcoal by pressure, and dn additional quantity is obtained by exhausting 

* • * 

* The fine oaiboneoeons raeidae produced in the manufacture of potassium ferrocTunide 
is employed for thb purpose. 4 
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the charcoal with benzine, which is afterwards recovered by distillation. 
There is thus usually obtained from the crude ozokerite from 6o to 70 yet ® 
cent., or even mortf, of ceresin, which in some cases is aftei^yards coloured to 
imitate beeswax, and is largely used on the Continent, especially in Russia^ 
as an adulterant of, or even as a substitute for, that substance. The melting 
point of retined ozokerit or ceresin usually ranges from 61° to 78“ C. (142® • 
to 172" F.), but notwithstanding this high meltkig point, the Material when 
made into candles exhibits a tendency to gutter ; it also burns with a smoky 
flame. For the ^nrodudtion of the material of whfth candles are made, the 
ozokerite is subjected by Messrs. J. C, <fc i . Field, Limited, to a process of 
distillation, patented in 1870 by Field and Siemssen. JJnder this process, 
the ozokerite is melted, pumped into stills, and distilled in a current of 
superheated steam.* The distillate is ‘‘caked,” pressed with naphthaj “ cleared 
down ” with fullers* earth, and filtered. Under favourable circumstances, 
with good material, about 60 per cent, of white wax, of a melting point of 
. 60° 0 . ( 1 40° F.), may thus be obtained. Candles made of this wax are especially 
adapted for use in high temperatures, as they are less* liable, to gutter and 
bend than ordipary paraffin candles. In addition to light oils, the crude 
ozokerite yields, under certain drcijmstances, a semi-solid product resembling 
vaseline, but less homogeneous. This product, known as yellow ozokSrine, 
is used in ointments and pomades. By the action of Nordhausen sulphuric 
acid it is rendered white, and in that form is employed by French perfumers 
as a substitute for Idrd in the process of “ enfleurage,” the almost entire 
insolubility of the hydrocarbon in alcohol, and its non-liability to become 
rancid giving it a great advantage over the animal fat. The residue in the 
stills consists of a hard black waxy substance, for which at first no use could 
be found ; but in 1875 Messrs. Field and Tailing took out a patent for 
producing insulating electrical material by combining’ this black ozokerite 
with india-rubber by welding through rollers at a moderate temperature, 
and afterwards vulcanising the compQund. This material, with certain 
modifications, has been introduced as “okonite” for the insulation of 
electrical cables, Okonite is not only a good insulator, but is remarkably 
flexible and tough. By a similar process, a form of the material known as 
“heel-ball” is manufactured. This is employed iio impart a black polished 
' surface to the heels and soles of boots ; it is also \'ery largely used by ' the 
Austrian Government for the leather work of cavalry and artillery. 
Natural ozokerite of g9od quality yields by Field’s system of distillation about 
60 per cent, of white ozokerit (melting point boT. or 140° F.), 30 per cent, of • 
black ozokerite, and 3 per cent of ozokerinej t}ie remaining 7 per cent, being 
represented by gas, light oil, ifnd coke. ^ 

*■ 

• k 

XXII. The Oonversion of Hpayy Oils into Liquid Hydrocarbons 
of Lower Specific Gravity. 

In order to complete the review of the subject of petroleum refining, 
further reference ia necessary*^ to the changes eflfected by exposing the 
hydrocarbons to temperatures above their normal boiling-points. It has 
bwn already pointed out that thq American petroleum refiner, by the 
adoption of the nnwess known as “ cracking ” is enabled to obtain an increased 
proportion of kerosene from the crude oil, and the principle involved in this 
operation has been* briefly referred to. As far back as the year 1871, Messrs. 
Thorpe and Young, in a communication to the Royal Society “ On the com- 

• If the ozokerite is subjected to destructive distillation, it is very largely cf)nverted into 
gas^ oil, andooke, but in the presence of superheated steam this decomposition does not tahr 
place to any important extent. 
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bined action of Heat and Pra<»sure upoii Paraffins/* placed on record the fact 
that distillation under preesiue was the means of breaking up paraffins into 
hydrocarbons of greater volatility and lower density. InUheir experiments, 
solid paraffin was employed, and the heat was so regulated that the pressure 
amounted to about ^ lbs. per square inch. From 3 J kilos, of the paraffin these 
authors obtained about 4 litres of liquid hydrocarbons, of which 0.3 litres 
Ijoiled below €00° C. (212" ¥.), i litre between 100° and 200“ 0 . (212° and 
392 *F.), and 2.7 litres between 200** and 300’’ 0 . (392® and 572'’ F). It 
was further indicated th%t«thei mode of decompdSiition appeared to be 
general for the higher terms of fliat^series of paraffins. The product thus 
obtained is a mixture of paraffins and olefines. For instance, the hydro- 
carbon might be resolved into or 

or CyHjg T &c. Sonve years previous to the date of this commu- 

nication to the Royal Society, however — namely, in 18^5 — Young obtained 
a patent for “ Improvemepts in Treating Hydrocarbon Oils,” which con- 
sisted in distdling the oil in a strong vessel provided with a loaded valve, the 
vapour being pllowed to pjiss to the comjenser through such valve, or 
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through a stopcock partially •blosed, so as ^o maintain the pressure. In 
\\^king with shale-ofl a pressure of about 20 lbs. to the square inch was re- 
commended, and the result stated to ^e §,ccomplished was the eonversion of 
a large proportion of the nils oi'iginally operated upon into oils of lower 
specific gravity. • 

In 1887, Benton of Titusville, Pa., obtained a patent in this country 
(lladdan’s Patent, 1922) for “ improvements in the method and means of 
refining crude and refuse petroleum and ti^e like,” the process consisting in 
pumping the oil under considerable pressure (285 lbs., or more, to the sc^uare 
inch) through a sffiies of pipes he^ed in a furnace, and then allowing it to 
escape into a vapour-chamber. By the adoption of this process the inventor 
claimed to be able to produce lighted* hydrocarbons frofn the refuse of 
petroleum oil, tar-oils, and other heavy mineral oil^” The ap^atus 
employed iS shown in Rgs. 115, 116, ii^. It consists of a series of pipes JB, 
a^iranged in a furnace A, by which the series is heated. The range of pipes 
communicates on the one side with a force-pump T, ahd on the other side 
with a vapour-chaijiber C. By means of the stop-valve g, the required 
pressure is maintained in the pipes. The vigpour-chamber ( 7 , is heated, and 
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xnay, if desired, be partially exhausted. The vapour pass^ to the condenser 
JET, and the unvolatilised liqipd flows off at the bottom of the vapour chamber 
at h. In order to.^'egulate the pressure in the pipes JS, a suitably weighted 
check- valve, is placed between the force-pump and the pipes B, 

The process patented by Dewar and Redwood in iSSg^consists in the use 
of a suitable still and condenser in free communication with each other — ^that 
is,without any val ve orcock becween them— the space m tlie still aiid condenser 
not occupied by liquid being charged with air, or carbonic acid gas, or other 
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gas, under the required pressure, and the condenser being provided with a 
regulated outlet for condensed lifjuid. An objectionable feature of the 
system of allowing the vapour to escape from the still to the condenser 
through a loaded valve — namely, the irregularity of the distillation — is thus 
removed, and the l^enefits of regular vaporisfition and condensation under 
high pressure are obtained. The ordinary process of ‘‘ cracking,'’ which con- 
sists in allowing the less volatile portions of the vapour to become condensed 
in the stillhead, and fall bach into the liquid below, is both slow and 
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comparatively ineffective, besides involving considerable waste of heat, but 
if desired the head of the still or retort employed in the Dewar- Redwood 
process may be so constructed as to produce partial condensation and thus 
cracking may berbffected under high pressure. The apparatus for carrying out 
the process may be,arranged in various ways, one form being shoy^n in Figs. 
1 1 8, 1 1 9, 120. Fig. 1 18 is a longitudinal, and Fig. 119 a transverse section. 
Fig. 120 is a sectional- plan on the line XX of Fig. 1 18. A is a fireplace, wittf 
fire-door and a8h{)it door suited for regulating admission of air as 
required. " Instead of a fireplace with grate for burning, solid fuel, a burner 
for liquid or gaseous fuel may employed. Above the combustion chamber 
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By is placed a metal retort Cy which is enclosed within a refractoiy casing 6 ^, 
to protect the metal from e;£cessive local heating. The encased retort is 
situated in a heating chamber B^y into which the hot products of combustion 
ascend by side ports and from which they pass by central ports into a 
flue B^y communicating with a chimney j5*. The front p^t of the retort G 
communicates freely with a stillhead provided„with a pressure-gauge C®, 
and safety valve G*‘, The exposed end of the retort G js closed*, by a readily 
removable cover (7°, provided with a glass gauge .to show the level of the 
liquid in the retqrt. !i9 is a pipe-coil situated p a tank in which 
circulation of water is maintained. The Upper end of the coil D communi- 
cates by a pipe with the stillhead (7®, and its lower end opens into a hollow 
column D^y which is provided with a glass gauge i)®, and has at the bottom 
an outlet pipe />*, furnished with a stopcock or valve. E is a pamp for 
forcing the oil to betreated, by a pipe E^y into the retort (7, this pipe pre- 
ferably extending nearly to the further end of the retort. By another pipe 
furnished with a cock or valve, the contents of the retort can be drawn 
off, or this pipe may communicate with a second retort, ^hich in like manner 
may be connected with a third, so as to form a series of^ any required 
number. jP is an air-compressing pump, by which air or suitable gas is 
forced by a pipe F^y into the stillhead or it might ho into any other part 
of the apparatus which is in communication with the stillhead. The retort 
( 7 , being partly charged with oil by the pump Ey and the spaces in the retort 
Gy in the stillhead (7^, in the condensing coil i>, and in the column IF, 
being charged with air or gas to the desired pressure, the retort is heated, and 
the oil is vaporised under pressure. The oil vapour is condensed in passing 
through the coil i>, and the liquid distillate which collects in the column D®, is 
drawn off, either continuously or intermittently, into suitable receptacles, in 
w^hich such gas as may be dissolved in the liquid is liberated and can be 
<'ollected. By a pipe and cock, or a suitably loaded safety valve /)®, gas may 
be withdrawn from the space above the Jiquid in the column i)®. Although 
only one retort and condenser are shown, there may be several sets of these 
in communication with the oil'and gas pumps, or with each other, suitable 
•cocks hr valves being provided in the communicating pipes, so that the 
several retorts may be worked simiv’taneously, on in rotation. From time 
to time, the cover (7®, of the retort may be removed to clear out residue. 
During the distillation, such of the vapoui* as may be condensed in the still- 
head (7®, or such liquid as may prime up into the stillhead, flows back into 
the body of liquid in the retort. By regulating the heat and pressure to 
which the retort is subjected, the character the distillate may be varied. 
The proporliopg. of the several' parts of the apparatus may be altered, and, if 
necessary, m^ans of cooling may be applied to the stillhead (7®. With sUhn 
an apparatus, intermediate and hdavy oils may be readily converted to a 
considerable extent into lighter oi^ls suitable for use in ordinary mineral-oil 
lamps, and even mineral spirit of low boiling point, capable of being em- 
ployed for the carburetting of coal-gas, may be produced. 

Crude petroleum, or 'petroleum distillate, of high density and boiling 
point, has not hitherto been found well adapted for use as a source of oil-gas, 
^nd the manufacture of gas oil from such materials has been carried out 
experimentally by means of a process patented in 1891 by Dr. Dvorkovitz, the 
Kerosene Cony^ny, Limited, and the Tank Storage and Carriage Company, 
Limited. In conducting this process, the crude petroleum, or other liquid 
hydrocarbon, is parsed through an oil superheater of any conT^enient con- 
struction, in which it is* heated to»^a high temperature, into a retort, whe^je 
it is delivered through a perforated, pipe. Here the oil is met by a current 
•ofcsuperljeated steam, also delivered through a perforated pipe, superheating, 
•being so effected that the temperature of the steam is higher than that of 
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the oil. The oil is thus separated into two portions, one consisting of oil 
vapour, and the other of “ tar and other precipitated matters.” The mixed 
oil vapour ^nd steam pass through a dome or pipe of larg§ sectional area to a 
condenser. Thfe tar is passed through a second superheater to a second 
retort, where it again encounters stiperheated steam, the vaporised portion 
passing to a secona condenser, and the tarry residue being removed in any 
convenient Bnanner. ^ regards the method or process, the maiii principle 
clauiied is the prevention of condensation in the retorts, the vapours being 
conveyed from the retorts^to th® condensers as rapidly as {y)8sible, while the 
high temperature is maintained \ Ind in relation to the apparatus, the points 
of novelty are the employment of double sets of oil superheaters, retorts, 
and condensers, together with a steam superheai'er, and arrangements for 
intimately mixing the oil or oil vapours and steam in the retorts. 

XXIII. Proportions of Commercial Products yielded by various 
descriptions of Crude Petroleum. 

. In the table on page 210 the proportions of some of tne commercial 
products obtained from samples of crude petroleum examined by the 
writ(ir are given. The process of distillation adapted was substantially 
the wime in each case, and the results are therefore, from that point of view, 
comparative. In the distillation of these oils on the large scale, there would, 
in most cases, be a larger jneld of kerosene, due to “ craCcking.” 

Of these oils, the sample from Upper Burmah contained the largest 
proportion of solid hydrocarbons (10 to 12 per cent.). The Assam petroleum 
also contained a considerable percentage. Among the otiier samples, those 
from Java, New Zealand, and Algeria may be described as rich in solid 
hydrocarbons. The 'samples from the United Swioes, Canada, Galicia, 
Jlonmania, and Lower Burmah, gave a moderate yield of paraffin, but, on 
the other hand, those from Kussiaj^Ge^-many, Peru, and Mexico contained 
very litt’o. 


• . chapti;r V. 

XXIV. The Transport of Kerosene. 

ivFROSENE was for many years shipped from the refineries in the United 
• States to the markets of the world only in the well-known oak barrels (which 
have a capacity of about 40 iiyperial gallons)^ or in the equally well-known 
“ ca.s6'S,” which consist of two rectangulai* tins (holding four itnperial gallons 
ea 2 ?n) enclosed in a wooden box. The fqrnjer package is employed where the 
dryness or heat of the climate does not interfere with its use, and the trans- 
port of so large a package is not attended with inconvenience ; the more 
expensive case being reserved for use in the shipment of kerosene to the 
tropics or its carriage to comparatively iiuiccessible localities. 

The barrels employed in the shipment of kerosene from the United 
States are now chiefly made by ingenious mSchinery witli such rabidity that 
the Standard Oil Company are able fit their Bayonne works to turn out from 
10,000 to 12,000 finished barrels per daj*. In order to render the barrels 
impervious to the oil they are coated infernally with a solution of glue, in 
the proportion of about i lb. of glue to three barrels. Thq barrels are filled 
from a i-ack •provided with a series of pi^s with sqlf -acting valves, which 
step the flow of the oil when ^he barrels have been filled to within one gallon 
of their contents, and the barrels are closed with wooden “ shives ” glued 
into the bungholes. * * ^ 

The manufacture fif the tins is also carried on by machinery, the tin 
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Percentage of Commercial Products obtained from Crude 
Petroleum. 


Locality. 


Bradford, U.S.A. . 

Parker (Clarion), UkiS.A 
„ (Karns City), U.S.A. 
Thorn Creek, U.S.A. 

Stone ham, U.S.A. 

Washington, U.S.A, 
Macksburg, U.g.A. 

Lima ^Ohio) 

Wyoming . 

California (Pico Canon) 

„ (Puente) ^ 

Peru 
Ecuador 
Mexico . 

Canada (Petrolia) 

,, (Gaspe . 

Russia (Balakhani-Saboontchi) 
„ (Surak^aui) 

„ (lllski) . 

’’ (Koudako) 

,, (Kertch) . 

j Galitia (Sloboda-Bungurska) 

15 ♦> 

„ {Ust^zyki District) 


„ (Harklowa) 
„ (Lenczyn) 
Roumania i 


Gerniany 
Italy . 

Upper Burmah (¥< 
Lower Burniah 

9 

Assam . 

Algeria . . ,, 
Java . 

New Zealand 


e%n^y( 


ng) 


8p. Or. 


Percentage of Ojmmeroial Products. 


.810 

.797 

.789 

.802 

.802 

.788 

.829 

,•839 

.910 

.911 

.844 

.880 

.859 

.928 

.874 

.882 

.858 

.847 

.872 

.780 

.853 

.^■40 f 
.860 

.887 

‘.845 

^60 

S46 

.912 

.901 

•875 

.859 

♦845 

.860 

.839 

.890 

.896 

,882 

.846 

.899 

.872 

.787 


Pet role W 

0 Spirit f 
u (Bcnziue). 

f’ 

Kcroseue. 

Intermediate 
and Lubri- 
cating Oils 
with solid 
lydrocarboDB. 

20.0 

50.0 

0 25.3 

21:0 

74.0 

— 

32.0 

64.0 

— 

21.0. 

74-0 , 

— 

m.o 

75-0 

6,6 

iS.l 

71. 1 

0.8 

lo.J 

49- ^ 

35-5 

83.0 

6.9 

2.0 

24.7 

5019 

2.5 

27.5 

53-5 

15.0 

45.0 

32.0 

12.5 

23 0 

42.6 

II. 6 

42.4 

42.6 

5-5 

14-5 

68.1 

nil 

37'0 

62.25 

nil 

27-75 

66.0 

2.5 

57- 5 

— 

8-75 

48.0 

40.0 

6.3 

• 32-50 

59.1 

4S.9 

43*9 

— 

20.0 

40.0 

35-0 

I.O 

9.0 

83. 3i 

12.72 

33-67 

39-6 

i nil 

28.0 

1 70.5 

12.0 

35-9 

41.6 

8.§ 

37'4 

40.0 

9.6 

38-4 

^'5 

2.6 

17.4 

58.6 

7-5 

32.5 

51.8 

8.4 

36.5 


nil 

18.9 

^.6 

28.85 

26.3 


1.75 

54-6 

38.3 

nil 

57.25 

• 41.2 

nil 

■ 27-25 

63.6'' 

2.0 

25.1 

67.5 

4-'^5 


61.25 

21.26 

33-88 

40.28 

12.81 

23.06 

53-32 

1.94 

. 35 

59 

4.3' 9 

46.5 

J'K 

' 1-35 

25.78 

67.98 

90 

57.5 

32.0 

; 9-25 

•*69.25 


; 11. iS 

35-97 

48.8 

0-75 

28.25 

60.75 

nil 

50.0 


) nil 

60,0 

r 

38.0 


plates being cut, stamped, and bent in a series of machines, and the solder^ 
of the joints being efFect^'by automatic appliances of remarkable ingenmty. ( 
The wooden cases in which the tins are packed are ^Ut together by nailing 
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machines which drive in the whole of the nails for one angle at a single 
operation. 60,000 tin cans and 30,000 cases are turned jout per day at the 
Devoe ^orks in New York. 

Biissia has, liowever, no adequate supplies of timber suitable for barrel- 
making, and accordingly, when the development of the petroleum industry 
in that country took place,* Messrs. Nobel Brothers decided to ship the oil 
in bulk in tank steamers for conveyance from the reBneries at Baku to the 
Vol^, where it could be transferred to bulk barges and thence to tank 
waggons on the railroad^ 'Pr^^ously to this, attempts had been made to 
ship petroleum in bulk from the United States, but these attempts not 
having been well planned were attended with failure. In these early efforts, 
the necessity for preventing oscillation of the oil, caused by the rolling of 
the ship,* by keeping the tanks perfectly full (provision being made for 
expansion and contraction of the oil), appears to have been overlooked, and 
the discouraging results obtained were, no doubt, principally due to this. 

The steamers first employed by Messrs. Nobel Brothers in the transport 
of kerosene in i)ulk vjere constructed at Mobila in Sweden, and floated in 
two portions through the Russian canal system to the Vfllga, where the 
sections were united. These vessels are >50 feet in length by about 28 feet 
in width. They ai-e furnished with a large tank occupying the whole of the 
fore-part of the vessel, and two cylindrical tanks aft, the engines and boilers 
being amidships. The aggi’egate capacity of the tanl^ is about 225,000 
gallons. These steamships are of special interest as having afforded the 
lirst practical solution of the difficulties attending, or at one time considered 
to attend, the ocean transport of oil in bulk. They are loaded in four and 
a half hours, the oil being pumped on board through 8-inch pipe#, and have 
proved perfectly seaworthy in the worst weather. The fuel used for steam 
generation is astatki, or petroleum residuum. The water at the mouth of 
the Volga being shallow, it is necessary to transfer the oil to bulk barges, 
which are towed up the river to Tsaritsfn, a distance of 364 miles. There 
the oil is pumped into tank waggons on the railway for distribution through- 
out Russia, or in some instances for conveyance across the continent {pr the 
supply of other countrils. At convenient centres large storage accommoda- 
tion is provided in order thkt supplies m!ly not run short durinjg the period • 
extending from November to April when the Volga navigation is closed by 
ice. By far the larger proportion, however, of the kerosene intended for 
shipment to other countries is transported in tank waggons from Baku to 
•Batoum on the Black Sea by the Ti‘anscaucasian Railway, a distance of 
560 miles. A portion of this .line was originally carried over the Suram 
Pass, which has an elevation of 3000 feet, by a gradient as sfcaep in places 
as^ in 22 ; but the petroleum traffic ovgr ^he line was conductec^ with diffi- 
culty, and the transporfing oapacity was by no means equal to the demand. A 
railroad tunnel under the Pass has, however, been recently completed, and 
previously a short pipe-line had been laid over the Pass, the carrying capa- 
city of the railway being thus largely augmented. The laying of a pifie-line 
for crude oil from Baku to Batoum, or to the neighbouring port of Poti, 
has also been projected, and the construction of dlher railway lines 
which might advantageously be em|ffoyed in the transport of the crude and 
refined materials is contemplated. Tank^teamers of considerable carrying 
capacity are now regularly employed in the conveyance of kertwene in bulk 
from Batoum to various ports ; there are also at Batoum factories for the 
manufacture «f cans and cases, and large quantities o{ kerosene are packed 
there for shipment to the Ea^t and elsewhbre. Concurrently with the de- 
velopment of the transport of the oil in bulk from Batoum, the same system 
has been successfully introduced in the export of kerosene from the United 
States. The first plaif put into practical opemtion at the port of New York 
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wafi that which was devised by Mr. L. V. Sone, whose patent is of a com- 
prehensive character and embodies no less than twelve claims. As exem- 
plified in the cast of a sailing vessel named the Crusader^ • the system 
consisted essentially in the employment of a number of cylindrical tanke, 
arranged horizontally, and varying in size so as to occupy as completely as 
possible the whole of the available space. Arrangements were provided for 
keeping the tanks, of which there were 45, quite full ,of oil, and each tank 
communicated with a, steam-pump on deck, by means of which the -v^hole 
cargo (equal to the contents of 5500 barrels) couVl be loaded or discharged 
in about ten hours. The principle of having a large number of tanks was 
subsequently adopted in the case of the Andromeda^ thig vessel containing 72 
tanks, which instead of being cylindrical were principally rectangular. The ,, 
capacity of this vessel was 684,641 American gallons. The further develop- 
ment of bulk transportation by sea resulted in the formation of some con- 
flicting opinions as to the method of construction which should be adopted 
in the vessels employed in the trade. The provision of a small number of 
comparatively large tanks, wjth “trunks” or expansion tjanks to ensure 
that the mainVanks are always completely full, has, however, been generally 
accepted as preferable to that of s large number of small tanks, though it is 
obvious that the risk bf the escape of a large quantity of the oil, rn the 
event of injury to the ship by collision, is considerably increased by the 
adoption of the former principle of construction. Authorities have also 
been divided in opinion as to whether the tanks should be formed by the 
skin of the ship or should be independent. These and other details will be 
found fully discussed in a paper read by Mr. B. Martell, Chief Surveyor to 
Lloyd’s, at a meeting of the Institution of Naval Architects on the 27th 
of July 1886. 

There are now about ninety tank steamships afloat which have been 
specially built tor the conveyance of petroleum in bulk. Many of these 
vessels are fine specimens of naval construction, and have a carrying capacity 
of over one million gallons of petroleum. The tanks, of which there are usually 
from seven to nine, occupy the central portion of the vessel, their sides and 
bottom being formed by the skin of the ship, and fare separated from the 
I)oilers and engines, which are-placSd aft, by a coifer-dam or double bulkhead. 
Powerful pumps are provided by means of which the cargo can be rapidly 
discharged, and in some instances the tanks are furnished with steam- jet 
ventilating appliances for quickly removing any remaining oil vapour which 
might be a source of danger.* • 

The distribution of kerosene in the Unii^ed States is very largely efiected 
by means of. tenk-cers on the railroads, and tank-waggons drawn by horses 
on the highways, the oil being tl^us conveyed in bulk from the refineries to 
the shops of the retailers, and within the post two or three years this 
system has been adopted to a considerable extent in this country. 


CHAPTER VI. 

OCV. The Shale Oil Industry. 

As early as the year 1694, Eele; Hancock and Portlock made ** pitch, tar, 
and oyle out of a kind of stone,” and in 1781 the Earl of Dundonald 
obtamed oil from coal by destructive distillation. JParaMn ^SS SBp&r9>t$di 

from wood tar hy JddohBnbaeh in i3jo, and in tbe sameym jaroduoed 

* When naked lighls and liot rivete afa to be used in the tanks in connoctipn with repairing 
operations the corefiU testing oi Vhe atmosphere of the tanks becomes an important prelimiuaty * 
step. For this purpose the writer has patented, in conjunctiontwith Frofessor Clowes, top 
tpplication of a hydrogen flame in f lamp of suitable construction, together with apparatus lor 
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by Laurent by the distillation of bituminous shale. Three years' later Laurent 
suggested the working of the shale deposits of Autun as a^ource of mineral 
oil, and in 1 8^9 burning oil and other products manufacture^rom this material 
were exhibit^ by Selligue. Paraffin is stated to have been made for sale by 
Reichen bach’s process from wood tar by Mr. John Thom, of Birkacre, before 
. the year 1^35. Dr. Abral\am*Gesner claims to have been the first to produce 
illuminating cfil from <5oal if! America, and asserts that at public lectures 
deli^red in Prince Edward’s^ Island, in August 1846, he burned in lamps the 
oil thus obtained. The pa^sifts ^^ted to Dr. Gesner passed into the posses- 
sion of the North American Kerosene Gaslight Company, who manufactured 
the oil at their works at Newtown Creek, Long Island, and sold it, in 1854, 

• under the name of kerosene oil. Dr. Gesner states that Messrs. Austen, the 
agents of^the company, “found great difficulty in selUng the oil. The 
refining process was not so well understood at that time as at present, and 
the odour was not agreeable. The beauty of the light obtained from it, 
however, was sufficient to gradually overcome the objection to it on the 
score of odour.* Its aupposed explosiveness was also urged against it by 
those interested in the camphine and burning fluids.” ' 

In 1849, experiments were made by Mr. Rees Reece and Sir Robert 
Kane* to ascertain whether mineral oil and paraflfn could be profitably 
produced from Irish peat, and in the following year the distillation of 
lignite for paraffin oil was commenced on the Rhine. In 1850, Mr. James 
Young obtained a patent for his process of producing paraffin oil by the 
destructive distillation of Boghead or Torbanehill mineral, and commenced 
the manufacture at Bathgate, Linlithgowshire, in conjunction with Mr. 
E. W. Binney and Mr. Meldrum. 

In 1853, the United States Chemical Manufacturing Company began 
making lubricating oil* from coal-tar at Waltham, Massachusetts ; and, in 
1857, the Downer Kerosene Oil Company first made mineiul oils, for 
lubricating purposes, from Albert *oal obtained from New Brunswick. 
Meanwhile, at New Bedford, Massachusetts,, the distillation of Boghead 
mineral, imported from Scotland, was cgmmenced, but cannel coalj^ from 
West Virginia and Kentucky were soon substituted for the imported 
material. 80 rapidly did the industry* develop that, in 1859, a single 
refineiy on the Allegheny river had a distilling capacity equal to 6000 
gallons of crude oil per diem. 

The employment of Boghead mineral by Mr. Youngs a source of oil, led 
4 o a notable lawsuit, which was iustituted with a view of determining 
whether the mineral was “ coal.i'» It is worthy, of note that in the course of 
thi^ lawou'it attention was directed to the earlier patent of Be? Buisson for 
the distillation of “mineral schi8tus”^at,a low heat with a v!ew to the 
production of oil. The ultimate decision was in the affirmative, but the 
question which was at issue soon ceased to he of practical importance, for in 
1862 the supply of Boghead coal became exhausted, and since that date 
paraffin oil has been entirely produced in Scotland from the bituminous ’shales 
found below the coal measures, chiefty in Midlothian and Linlithgowshire. 
The aggregate amount of shale raised anSl distilled m Scotland at the 
present time is over. two million tdhs per annum, the crude oil produced 
therefrom amounting to about sixty million gallons per annum. The 
ioWowing figures indicate the rat^ of growth of this trade dthing the years 
1881 to 1S90. 4 

* JiJetimated (Quantity iS/utle dytiUhd in SoOtland, 


I8SI 

912,171 tons 

4886 . 

• 1,968.5001^08 

1882 * . 

985,488 „ 

1887 •• 

1,368,704 

1883 . . 

i»i30.720 „ 

1888 

2,027,000 „ 

1884 

1,469,649 „ 

1889 , , 

1,986,990 „ 

1885 

i, 757 » 7 oo „ 

1890 

2,155.000 II 
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The following snminary of the production of oil -shale, in the United 
Kingdom, was published by^ Mr. James Nicol, City Chamberlain of Glasgow. 


Counties. 

x88o. 

1881. 

1882. 

1883. 

1884. 

Edinburgh .... 
Linlithgow . . ‘r* 

Fife . . ^ . 

Renfrew .... 

Lanark . ... 

Ayr ..... 
Stirling .... 

Tons. 

372,994 

3*2,983 

16,418 

56,440 

28,830 

6,172 

Toni. 

451,018 

353*826 

65,379 
' 30,293 

6,533 

5,122 

^ Tnns. 

478,593 

355700 
.. ,129,856 
90,804 
25,606 
4 , 92 g^' 

• 

Tons. 

458,206 

476,869 

87.589 

82,988 

16,318 

4,242 

4 , 5*7 

Tons. 

640,753 

581,^2 1 
128,996 

97,273 

9.752 

7,219 

4,535 

Scotland .... 
England and Wales 

793.837 

43,968 

1 912,171 
46,048 

98548S 
■ 36,428 

1,130729 

37,214 

1,469,649 

49,222 

Total production in the ) 
United Kingdom. j 

837.805 j 

958,219 

t 

1,021,916 

__ ^ 

r 

1,167,943 

1 1.518,871 


The following table gives the names of the companies engaged in the 
Scottish oil industry, the year of formation, and the amount of paid-up 
capital and debentures, as at 1891. 


Name. 

Yeiir 

(about). 


Capital paid uu 
DebontUTPH 

Young’s Paraffin Co. . 

. 1854 


^'658,77 1 

Stanrigg Oil Co. . 

1865 


50,000 

Oakbank Oil Co, ♦ 

1868 


67,500 

♦Dalmeny Oil Co. . 

. 1871 


18,900 

BroxbUi-n Oil Co. . 

1877 


299,750 

Burntisland Oil Co. 

1881 


244,950 

Clippens Oil Co 

1882 


397,235 

West Lowthian Oil Co. 

. 1883 


81,748 

Pumpherston Oil Co. f 

1883 


197,010 

*^Holmea Oil Co. . 

1884 


40,000 

Linlithgow Oil Co. 

. 1884 

IB.. 

192,488 

Hermand Oil Co 

. 1885 - 


289,560 

♦Jambs Ross & Co . 

. 1885 


750CO 

Caledonian Mineral Oil Co.f . 

1889 


74.750 

;^^2,687,662 


The production of mineral oils and paraffin, by the distillation of lignite,* 
is carried on to a considerable extent in Saxdny. 

Two companies have been engaged in the manufacture of mineral^ oil 
from shale In New South Wales. < The older, which has been in existence 
about twenty years, was formerly caljed the Western Kerosene Oil Company, 
but now goes by the name of the ‘New South Wales Shale and Oil Company. 
The shale-field worked by this company is situated at Hartley Vale, near 
the Blue Mountains, on’ the Western Line, and the refinery is at Botany 
Bay. The distilling capacity qf this company’s plant is 400 tons of shale 
per week., The other company, formed ten or twelve or years ago, is termed 
the Australian Kerosene Shale and Oil Company. The mineral worked by 
this company is found at Joadjk Creek, near Mitteagong, about eighty 
miles south of^Bydney. The company distils about 200 tons of shale per 
week. 

Mr. Griffin, in a report on th^ kerosene trade of New Soutli Wales, gives 
the following tabular statement of the quantity of shale produced in the 
colony for each year from 1865 td 1884 inclusive. 

* Mannfoctures cru<1o oil, but does not refine. ,> 

„ f This Company purchased the business of the Lanark Oil Co. 



215 


^SHALB Oa IN»T78TBT.« 


1865 

1866 


Tons. 

570 

187s 



Tons. 

6,197 


2,770 

I87& 



15.998 

1867 • . 

« • 

4.079 

1877 


^ • 

18,963 

1868 


16,952 

1878 



24,371 

1869 


7.500 

1879 



32.519 

1870 


8,580 

1880 



19,201 

1871 


. 1^,700 

1881 



27,894 

1872 \ 

• ^ • 

1 1^040 

1882 



48,065 

IS73 

• e 

17,850 

1883 



49,250 

1874 


.ft 

1884 

» 

• 

31,618 


The shales employed for the manfacture of mineral oils in Scotland are 
generally associated with marls, limestones, and sandstones. They are 
nsuaUy CjJ a brown or grey colour, the richer being of a soft nature, and the 
poorer hard and slate-like. ^The principal seams are knqwn as the Fells, the 
Broxburn, and the Dunnet. 

There are marked differences in the quality of the various Scottish 
shales in respect to the yield of crude oil and sulphate of ammonia, as well 
as in regard tc'»the percentage of the various jcommercial products obtainable 
from the crude oil. The richer shales yield about 30 galloVis of crude oil 
per ton of shale, while the inferior qualities give about 8 gallons less of oil, 
but a considerably larger amount of sulphate of amdionia. 

Professor Liversidge, of the Sydney University, does not think that the 
name of “ kerosene shale is a proper one for the^ New South Wales 
mineral, for the reason that the substance does not possess the properties of 
a shale, and more nearly resembles cannel coal and torbanite. 

The lignite distilled in Prussian Saxony is a particular variety of earthy 
lignite, occurring within a small portion of the Saxon Thuringian brown-coal 
formation between Weissenfels and Zeitz. 

A laminated variety of shale, known as paper shale, which yields a large 
percentage of oil, is found in Servia and elsewhere. True shales when 
hdhted to redness in a closed vessel 40 not cake, so that the soft and black 
residue, after all the volatile matter has been^dri'. en off, retains the original 
form of the material. The proportion^ of mineral matter in the shale is 
usually about 73 per c^fcnt., but is occasionally as much as 80 per cenJ. The 
Broxburn shale yields ; “ * ’ 


Crude oil 


Per cent. 
12.5* 

Water 


8.5 

Gas . . .... 

. . 

3.0 

Ash 


. • 67.0 

Carbon in spent 

^ • 

. 9.0 
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During the infancy of. the Scottish shale-oil industry two methods of 
distillation were adopted — one intermittent, the other continuous. In the 
former system, which was that first employed, the shale, previously reduced 
to small fragments, was heated in horizontal cast-irqn retorts, similar to those 
employed in coal-gas manufacture, the retorts being discharged and recharged 
when the whole of the volatile matters-^ad been driven off. The con- 
tinuous system was^ conducted in Cylindrical or oval retorts of cast-iron, 
about two feet in diameter, and eight o» ten feet in length, six or eight of 
which were set vertically in a furnace. Figs. 1 21, 122, 123. *In these retorts 
the shale, previously broken by machinery, was exposed to a dull red heat 
for a period ranging from twelve to twenty hours, a jet of steam being 
introduced at the bottom of the retort, And the products conducted from 

* Tho yioJd of crude oil may bo stated to eingo from 22 to ^ or in some cases even 
40 gallons per ton of shale, but where the yield exceeds 30 ^allous, the oil Is usually inferW in 
respect to the percentage tff solid paraffin aud quality of the heavy oils. 
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the top. The furnace was so constructed that the lower part of the 
received the greatest heat^ and from time to time a portion of the exlmustM ^ 
shale was removed xrom the bottom of the retort, which was sealed with 


Distillation of Shale. Sectional Elevation. 

water, a coiTesponding quantity of fresh shale being introduced through 
the hopper at the top. , ^ , 

The modern representatives of the intermittent and continuous methods 
of distillation are the Henderson system and the Young and Beilby system 

Fig. 122. ’ 



, Sectional Plan on A B. 

c 


respectively. The ^ Henderson system is characterised by the provision of 
an arrangement for utilising as fuel the carbon remaining in the spent shale, 
which sometimes amounts to as much as 1 2 or 1 4.per cent. The retorts used, 
Fig. 1 24 (p. 2 1 8), are about ufteen feet in length and take a charge of eighteen 
hundredweight of shale. They are arranged vertically in a series of four in 
a furnace-chamber or oven. The oven is a high-arched chamber, constructed 
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of brickwork, and there is formed beneath it a large fire-chamber or fuel 
space, divided in two by a partition wall The $re-chamber is surmounted 

* by an arched roof, along the centre of which, apertures ^re formed for the 
passage of the fire gases into the oven space above. The fire gases are led 
at first towards the^upper part of the oven bj vertical flue walls or screens, 

. and they 'finally pass off^ fram the oven by flues leading from the outer 
bottom parts into the, main* flues communicating with the chimney. The 
bottdm of each retort is formed with its inner side bevelled, and it is built 
into and projects down through the sole or floor of the ove^. The discharge 
opening of the retort formed at tffe eiybreme bottom end, and the cover, are 
slightly inclined froip the horizontal, the lower end being outermost, so that 

• the oil falling on the cover may run down it towards the oil outlet. The 
retort boftom is situated in a casement or space made wjth an iron framing 
fixed in the brickwork, and with its inner side opening into the fire-chamber, 
whilst it is also open on the oute aide, 
valve made of iron lined with fire-clay, 
and arranged turn on journals at 
its bottom corners. This valve serves 
to separate the bottom of the retort 
from*the fire-chamber, and thus pre- 
vents the fire from injuring the bottom 
cover or door of the retort and its 
fittings. When, however, the cover is 
removed, the valve can be turned ovei* 
so as to form an inclined plane or 
shoot to guide down the spent shale 
from the retort into the fire-chamber. 

A light, malleable-iron, portable hand- 
lever, with a horizontal spindle, is made 
to •turn in beai'ings formed in the bot- 
tom of the casement, so as to remove 
the door away from the retort, or so 
as to lift it into positioil. In the upper 
jmrt of the casement frame, in each 
side, there is a wedge recess, into which 
wedges are driven to fix the door 
tightly when in position, these wedges 

•being taken out prior to its removal. 

In the bottom of the retort is a 
hinged grating which keeps the shale from tlie cold or on t%r, corner when 
distilling, and when the door is removed ppvents the spent shaloifrom falling 
down until the valve is tunned over oulwards to guide it down into the fire- 
chamber. At the bottom of the, fire-chamber, there are two large opening 
doors, one being on each side of the partition wall, for the easy removal of the 
final ashes, or exhaTwted material, into hutches belpw. A series of pipes is 
arranged along one side of the oven. Steam is passed through these pipes, and 
superheated to the temperature of the oveif*(about 426*0. or 800" F.), from 
which it passes by by^nches into the tbps of the retorts, and travels dbwnwards, 
diffusing the proper heat uniformly tbro^jgh the mass of shale, and sweeping 
the oil vapours out of the region pf the heat as soon as they mre formed, the 
oil vapours being conveyed from the bottom of the retort by a pipe leading 
to the condetisers. The following is the method of working the set of four 
re^rts: — Having first got vp suitaul^ heat in the oven by means of 
ordinary fu^l, one retort is charged from the top with •shale. Four hours 
later, a second retort, diagonally opposite to the first, is charged. * At the 
eighth hour from the*start, a third retort is charged — namely, the one on 

• ' • 


In the casement, there is an incline 
Fig. 123. 



Vertical Section. 
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Fiq. 124. 



the same side of the parti- 
tion wall as the first, and 
at the twelftjjL hour the ® 
fourth is' charged. The 
heat i^ maintained with 
ordinary fuel until the six- 
teenth hour, when the 
, material in the first retort 
jivill be exhausted so far 
as the distillation is con- 
cerned, and it can be dis- 
charged into the fire- 
chamber to be^^used as * 
fuel, and the retort 
again charged. There- 
after, at each period of four 
bourns, the retorts are dis- 
charged and recharged in 
the order in wliich they 
were first charged. The 
spent shale falls into the 
furnace black although 
hot, but in a few minutes 
it is glowing brightly. 
The furnace and oven are 
constructed so as to cause 
a very gentle influx of air, 
as the spent shale contains 
but little carbon, and the 
fire would be extinguished 
by a strong diuught. The 
slow current enables the 
ret ^rts to get the full bene- 
fit of the heat. The heat- 
ing of the retorts is aided 
by the combustion in the 
furnace of the inconden- 
sable gaseous products of^ 
distillation, and, occasion- 
ally, as in cold weather, by 
the addition to the sp6nt 
shale of a little coal. The 


I. Retorts—- flat oval in cross sectioni 


principal advantages 


2. Oven — arched chamber containing four retorts. 

3. Furnace. 

4. Dividing wall in furnace. 

5. Flue — acting as a ^.roeft for boUpm of retort. 

6. Exit pipes from oven for heated gases. 

7. Movable door for bottom of retort. 

8. Implement for removal of door. » 

9. Valve forming a shoot which folds back into recess 

in furnace arch. 

10. Outlet pipe for eil vapours. 

n. Grating which prevents shale from falling into 
comer removed from heat, and pirotects oil outlet. 

12. Bottom plate of ^fumacp which Jolds down, tile 
. cinder being precipitated into bogey . 

13. Inlet* for gas consumed as fuel. 

14. Steam-pipes. 


claimed for the system aa 
compared with the old ver- 
tical retort, are : — 

Economy in labour^ 
skilled labour and great 
attention not being re- 
quired; saving in fuel; 
diminution in cost of 
maintenance^ and exten- 
sion of life of retorts, in 
consequence of the mild 
and equable "temperature 
ensured ; certainty and 
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, * 

regularity of working ; improvement in yield and quality of products from 
, the crude oil , 

In the continuous system of Messrs. William Youn#]^nd George Beilby 
the retort employed (now known as the Pentland retort) is composite, the 
upper pa^ being made of iron, and the lower of fire-brick, Figs. 125 and 126. 

. The retorts are set in^groups of four, and each group is surmounted 
H'ith a quadruple hopper containing as much shale as the retorts themselves. 
At*the lower end, each retort is closed by a faced mouth-piece and steel door, 
and there is a provision'lfdt thfe introduction of steam. Jhe heating of the 

Fig. 125. ’ Fig. 126. 


(i n 



Continuous Distillation of Shale — Young & Beilby’s System. 


group of retorts is efiected by means of a gas producer, Fig. 126, consisting 
of a vertical retort built of brick, closed a door atf the top, and provided 
with an exit-piptf communicating'^with a system of mains and condensers, 
-^t its lower end, the retort terminates in a closed fire-place and ash-pit, 
with regulating doors and dampers The dross or small «oal is introduced 
by the top door, and resting on the fire-bars, fills the retort from top to 
bottom. The upper part of the retort, being surrounded by flues through 
•which the fire-gases are led, is kept at aTull red heat. The coal at this part of 
the retort is distilled, and parts with gases and^vapours which pass away by 
the exit-pipe to be cooled and condensed. the coke passes down i» the 
retort it is met by a current uR steam, which is partially decomposed, with 
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the production of ammonia and water-gas, which pass off with the other 
volatile products. When suph coke as has escaped the action of the steam 
reaches the fire-ba'rs, it is burned into carbonic oxide by a regulated 
admission of air. The carbonic oxide passes off by ports at the lower end of 
the retort, and is burned in the flues surrounding the shale retorts. The 
gases from the upper part of the retort, after having been deprived' of their 
condensable constituents, are also returned into, and burned in, the setting of 
the retorts. It is claimed that by this system of firing, less fuel is used than 
by the open fumajce, ancl that the ammonia and tai® recovered from the coal 
more than pay its first cost. , 

When commencing work with the Young and Beilby retort, the lower 
portion, having been raised to the proper temperature, is filled with spent 
shale up to the junction of the upper iron portion. Broken shalh is then 
introduced until the* retort is full to the hopper, which is closed by a bell 
valve. Steam is then let into the lower end of, the retort, and passing 
through the red-hot material, is highly superheated, and rapidly conveys 
heat to the raw shale in the upper retort, which is further heated by the 
flue gases passing outside. The oil vapours and steam passing off by the 
exit-pipe are cooled and condensed. , The shale at the lower end of the iron 
retort, receiving the firstaeffect of the highly-heated steam, is first exhausted 
of its hydrocarbons, and the downward movement of the whole column 
within the retort having been effected by the withdrawal of a portion of the 
spent shale, the matefial passes from the lower end of the iron retort into 
the more highly heated fire-brick retort below, where in the presence of 
steam a large part of its nitrogen is converted into ammonia, which passes 
away with the oil vapours and steam. As the column of shale is moved 
downwards by successive withdrawals from below, fresh material is intro- 
duced through the hopper at the top, and the operation" is so regulated that 
no shale containing oil is allowed to pass into the highly-heated lower retort. 

By this method of distillation, it is claimed that a larger quantity of 
paraffin is obtained from the crude oil, and the increased yield of sulphate 
of ammonia, as compared with iJhat obtained with any other retort in use, is 
stated to' be no less than from 14 to 25 lbs. per ton of^shale. 

The vapours evolved from -the < shale are condensed by being passed 
through a series of 70 to 100 vertical 4-inch pipes for eac;h bench of 52 
retorts, the lower ends of which are fitted into a chest. The condensed 
products are ammoniajcal liquor and crude oil. From the iincondensed 
products, gasoline is detained by subjecting tliem to cold and pressure, or by 
passing them through a coke tower charged with heavy oil, the very volatile 
hydrocarbons digsolved by thC oil being recovered by distillations The 
former proce§^, which was designed by the late Mr. J. J. Coleman, consist!?; 
in compressing the gas as it issues froffi the condensers to 100 or 120 lbs. 
per square inch, by means of tvfo double-acting pumps, and forcing it 
through three tubular condensers, the first two of which are cooled by the 
circulation of water, whilq the third is cooled to 40“ or ^50* below zero by 
the expansion of the gas which remains uncondensed. The compression 
system yields a larger percentage of hydrocarbons than the coke-tower 
system, but “the latter is preferred as bmng far less cost^ to work. The 
liquid obtained has a specific gravity of .700 to .715, and on rectification 
furnishes gasoHn^ and light naphtha. The uncondensed gas is employed as 
fuel. 

From the ammbniacal liquor, ammonia is obtained by distiHation, the 
gas being conducted- from the stills into cracker boxes,” or saturators, lined* 
with lead (commonly 4 feet in length,^ feet in width and 2 feet in depth and 
discharged through perforated lead pipes into sulphuric acid (50” Twaddell). 
The sulphate of ammonia solution thus formed having been allowed to settle, 
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is then transferred to another vessel, where it is evaporated, and the 
crystallised salt is fished out ” drained and dped. The yield of sulphate 
of ammonia ranges within the wide limits of lo and 6o' pounds per ton of 
shale, according to the class of shale and the system adopted in its distilla- 
tion, but average^ about 25 pounds per ton. 

For the distillation of the ammoniacjal liquor, column stills, in which the 
liquor admitted at the top < 5 omes into contact with steam blown in at the 
bottom, have been found a great improvement on the ordinary boiler stills. 
The column still patented by Mr. Beilby is provided with^a series of saucer- 
shaped plates, each alternate plaJe biding inverted, and all so perforated that 
the liquor trickles Jo the centre of the one saucer, and falling on its inverted 
neighbour below, runs to its outer edge, and so 'passes from the centre of 
one to ttie rim of the other, until it reaches the bottom ^f the still, the liquor 
being thus brought thoroughly into contact with the steam, and the 
ammonia being completely volatilised. Mr. Henderson has devised an im- 
proved form of column still, with the object of diminishing the considerable* 
quantity of steam employed in the ordinary column still. The liquor is 
admitted in the Henderson still into an annular tray or di^h, round which 
it flows, and from which it falls into a second and thence into a third annular 
tra;f, flowing round each. It then falls on to •the first of a series of 
diaphragms, consisting of an annular outer channel, and a central dish 
connected with each other so tliat the liquor may flow round the channel and 
into the dish, and vice versd. The channel and dislf are connected with 
each other by a saddle-shaped cover, the edges of which rest on the bottom 
of the channel and dish respectively, but these edges are scalloped or notched 
throughout their whole length. The liquor in the tray and disli rises to a height 
of about half an inch above these notches. As the liquor follows its course 
from channel to disK, and dish to channel, through the series of diaphragms, 
the steam, under pressure, is rushing under the saddle-shaped cover, through 
the notches, and forcing its way at*evfry point into and through the circu- 
lating liquor, thus completely removing the ammonia. At the same time 
the violent agitation kept up throughout the whole course of the liquid pre- 
vents to a large exti^nt the formation of a deposit. It is claiifled that 
while under the older system only ab«ut 3000 to 4000 gallons of liquor ^ 
could be distilled per still per day, no less than 45,000 to 50,600 gallons of 
liquor can be passed through a Henderson still per day, and three steam- 
boilers will suflSco for work which formerly required gix similar boilers. 

Crude shale oil is of a dark green colour, and hatj a specific gravity of 
.865, and upwards. The firsj.8tep in the process of refining consists in the 
distillation of the oil to dryness, in cast-iron pot-shaped stills,J?^jg. 1 27 (p. 222), 
into which steam, often superheated, is pm^sed. The condensin^arrangement 
consists of a series of pipes, extendin]^, with a slight fall, through a tank of 
water. Fig. 128 represents a cylindrical qpndenser. The distilled oil having 
been “washed” with sulphuric acid, and afterwards with caustic soda 
solution, is then subjected to fractional distillation in cylindrical boiler- 
plate stills. Fig, 129, having a capacity of 4000 to 5000 gallons. Steam is 
introduced into the still after the more voJUtile constituents have passed off. 
The first product (obtained is cru(te naphtha, and at a higher temperature 
the burning-oil distillate issues from tie condenser, and is collected sepa- 
rately. The heav>' oil which distils at a still higher teinperature yields 
lubricating oils and poraflin. 

The shale oil yields in addition acid and basic substances. 

An apparatus for the continuous distillation of crude shale oil, as it comes 
from the retorts, was patented by Mu. N. M. (Henderson, in 1 885. The 
apparatus,* represented in Figs. 130, 131, 132, and 133 (pp. 224 ^26), con- 
sists of a central pidtoiary waggon-shaped still, connected with two side stills 
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Bbsobiption op Figubbb. 

Fig. 130 is a plan and Fig. 131 a front elevation of a set of eU stills, comprisinsr a 
pnmary stm A, with two secondary stills. and fou? coking stUls, 0 \ h. 

(P, Figs. 132 am 133 are an enlarged sectional plan and an enlarged sectional front 
elevation, showing the primary still A, and one, j 5 ^, of the secondary stills. The same 
reference letters and numerals wly to the whole of the figures. 

J 9 . Deeper lateral parts of stills, protected from direct tire-heat by being built into 


p. Deeper lateral parts of stills, protected from direct tire-heat by being built into 
walls, 5. , • .'ft 

Fire-grate, placed low so as to form combustion chamber between it and the 
concave bottom JJ, of the stilly ^ • 

W. Fire bridge. 6, 7, 8, Flues. t • 

9. Vertical feed-pipe to stills, la FeeH-pipes to stills 5 ^, IP. ii. Outlet valves 
from deeper parts of still communicating with exterijal piping, 12. 13. Branches 
tofeed-pi^s, 10. 14. Valves on feed-pipes, 10. 15. Outlet valves from stills B\ 

16. Exterrai piping, 17. Branch pipes, 18. Stop- valves— ' ll connected with stills IP. 
19. Kods, passing through stuffing-boxes, connected with safety stop-plugs inside 
retorts, at the outlets. 20. Internal valves in connection with feed inlets 

21. (Figs. 132 and 133) outer cylinder of feed boater. 22. Pipe conveying vapours from 
still 7 ^ 1 . 23. Pipe conveying vapours to condensers. 24. Inner cylinder of feed-heater. 

25. End coverpf feed-theater. 26, 27. Pipes for entrance and egress of oil to be heated 
28, 29. btop-cock.s. 30. Egress pipes. 31. Stop-valfe for letting off Separated vapour 
air Oi gas. ^ ' 

. pipes from main steam-pipe (ndl shown) for injecting steam in stills, 

B-. 33. Perforated branches of steam pipes 
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one on each side, beyond which there is, on each side, a set of two or more 
pot-shaped coking skills, connected by pipes with the side stills. The crude oil, 
previously heated by passing through feed heaters, in which the«heat of the ^ 
vapour passing out of the still is utilised, passes into the central still, where 
it IS kept boiling at the low regulated temperature required for distilling oft 
the mast volatile fraction. From the back oL the still, the increasingly 
heavy portion of its contents is continuously beiag 'dr^wn off into the side 
stills, where at a highe" temperature a heavier portion is being drawn off. 
From the front oS these stills, in a similar mailn^ir, the increasingly dense 
oil passes continuously off into one of -the coking stills, in which the mate- 
rial is distilled to dryness. The feed-pipe in the primary still dips just 
below the surface of the oil, whilst in each secondary still the oil enters by a 
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horizontal pipe, situated at a short distance above the concavity of the 
waggon-shaped still bottom, the feed-pipe entering at one end of the still 
and delivering the oil near the other end. As the volatile part of the oil is 
distilled off, the remaining oil, Incoming heavier, descends to the deep sides 
of the bottom of the still, whence it passes by an outlet pipe in the case of 
the primary still to the secondary stills, and in the ^e of the secondary 
stills to the coking stills. Thus, ' without further attention than starting 
the stills, keeping up the heat, and changing the current from one coking 
stall to another ^en required, the work of distillation may be said to goon 
antomatioally, the oil in the central and two side stills remaiiiing constant 
in density, and giving off distillates of homog^eous quality. There is thus 
obtained from the drude 6il a set "^of three fractions, and it is , claimed that 
tihe work which formerly inquired 32 separate stills is now effwted by 
connected stills, namely, th^. three continuous stills*’and six coking stills» 
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two only of the latter being kept at work at the same time, the others being 
for interchange. • ^ 

Two years previously, Mr. Henderson patented an arrangementfor the con- 
tinuous distillation of “ once run ” oil, or crude oil after one distillation, in the 
ordinaiy pot stills, consisting of three connected horizontal cylindrical stills, 
Figs. 134, 135, 136, 137, i38tod 139 (pp. 228-232), which may be seven feet 
in diameter by nineteen feet ih length. Each still is fitted with an outlet or dis- 
chat^ge pipe in the bottom |tt^one^end, and an inlet pipe enters the same end of 
each still at a higher level,* but is continued inside the still to the other end, 
so that the actual inlet may be as far as possible from the outlet. Each still 
is formed with the uiiual dome or vapour chest into which the volatilised oil 
rises, and^from which it passes by a curved branch into a long horizontal 
cylinder or pipe wherein its 'heat is utilised in raising the temperature of 
the oil which is being continuously fed into the first of the three stills. In 
the third still, where there is a tendency for coke or adhesive carbonaceous , 
matter to separate from the oil, there are fitted, inside the still, plates or 
dishes to promote the« circulation of the oil, and to form rec^tacles for the 
coke, so that it may not adhere to the bottom of the still. These dishes or 
circulating plates extend along the still *on e;ich side of its longitudinal 
central plane, with a middle space between them. Tteir bottoms are shaped 
so jis to be nearly parallel to or concentric with the bottom shell of the still, 
and they are hinged to straps which are riveted to th^ sides of the still, 
their inner parts being supported by feet resting on the bottom of the still ; 
while pro\ ision is made for attaching chains by means of which the dishes 
can be turned up for cleaning purpo.ses. The oil circulates so as to pass 
from the middle under the dishes or plates and up the sides of the stills, 
returning downwards from the sides towards the middle ; and this circulation 
is assisted and ensured by jets of steam issuing from perforations in the sides 
of a pipe extending along the still near the middle of the bottom. Two or 
mofe residue stills are provided in dbnnection with each set of three stills, 
in order that the process nmy not be interrupted when the residue still is 
being cleaned out. The principle of action of this distillatory airangement 
is similar to that of the^apparatus previously described. It is claimed that 
285,000 gallons of oil may he put throu^ a sbt of three stills thus worked 
continuously in twelve days, while not more than 126,000 gallons could be 
distilled in the same stills in the same period under the old system. There 
is also stated to be a considerable saving in labour, fuel*and repairs. 

• In carrying out the process of the continuous distillation of shale oil, 
Messrs. Young and Beilby prekJr to use a hojfizontal cylindrical still par- 
titioned transversely in such a manner as to form a numhfei* of separate 
chambers through which the oil passe^ ii> its course from the Ihlet end of 
the still to the outlet end. Each partitioned space is provided with a vapour 
pipe leading to a condensing arrangement, And the furnace is so constructed 
that the compartments are heated to temperatures suitable for the volatilisa- 
tion of the various products, the outlet end of the «till being most liighly 
heated and the temperature graduated by successive stages to a comparatively 
low heat at the inlet end. Fractional condensation forms a feature of the 
system. • , 

The burning-oil distillate is washed with acid and alkali, and undergoes a 
second fractional distillation, wherein an additional quantity of naphtha 
and heavy oil are separated. The burning-oil distillate after being sub- 
jected to a third obemical treatment is a^ain distilled, the products being 
fractionated to suit the requirements of the manufacturer; in some 
cases the oilg are finally washed with acM, alkali* and water. The crude 
naphtha receives the same treatment with chemicals and is fractionAted by 
distillation. * 



Ftg. 


228 


« BEFINfNO BTIU8. 







Fig. 135. 



Henderson’s Refining Stills. Continuous Systenj 


Fig. 136. 



Henderson’s Refining Stills, Continnons S3'steni. 






Hendersons Refining Stills. Continuous System. 


270 r MANUFACTURE OF PARAFFIN. 

From the heavy oil obtained in the first fractional distillation, paraffin 
of comparatively high melting point sepai'ates at common temperatures, and 
a further quantity of paraffin is obtained by cooling the oil and pressing the » 

serai-solid mass. - 

It was formerly the practice to separate the soft paraffin from the heavy 
oil obtained in the first fractional distillation, after the diystalHsation of the 
hard paraffin, by bringing the oil into contact with 4 he surface of a revolving * 
cylinder, Figs. 140, 141 and 142, through wliich cooled calcium chlqnde 
solution was made to circulate, the paraffin ajihejdijg to the cold surface being 
continuously removed by a scraper. Another arningement employed for the 
refrigeration ( f the oil consisted of a fixed cylindrical vessel, Fig. 145 (p. 235), 
holding about 200 gallons, jacketed so as to provide an annular space for 
the circulation of the cold brine. The oil, as it is cooled, adheres to the 
inner surface of the vessel, and is removed by ^ set of scrapers attached to 
a vertical shaft, the whole mass being thus reduced in temperature to the 



Description of Figures. 

Fig, 134 is a plan, and Fig. I3'5 a back elevation of a set of three stills, with 
one of the residue stills. Fig. 136 'is a front elevation, partly in section. Figs 137 
and 138 are enlarged longitudinal and transverse vertical sections of the third still, and 
>'ig. 139 is an enlarged longitudinal section of one of the feed-heaters. The same 
numerals apply to Mie whole of the figures. ' 

II, 12 and 13. SMlls. 14. Furnaces. 15. Lateral openings for fire gases. 16. Heating 
chamber. 17. Lateral flues. 18. Discharge pipes from stills. 19. Inlet pipe to stills, 
12 and 13. 20. Safety plug valves to a*.d outlet pipes. 21. Rods connected \<ith 

the valves and passing through stutting-boxes. 22, 23. External stop-cocks. 24. Domes 
of stills. 25. Curved branches flom domes. 26. Horizontal vapour pipes, forming 
feed-heaters. 27. Outlets for vapour. ■ 28. Vapour pipes to condensers. 29. Inner 
cylinders of feed-heaters with flanges, 30, and closing platbs, 31. 32. Inlet pipes for 

, feed oil. 33. Outlet pipes for feed oil. 34, 35, and 36’ Pipes conveying heated oil to 
stills. 37. Delivery pipe from still ii. 38. Delivery pipe from still ii to still 12. 
39. Delivery pipe from still 12 to still 13. 40. Delivery pipe from still 13 to residue 
still 41. 42. Dishes or plates (usually applied to the third still) for promoting circula- 
tion and for collecting c6ke. 43. Space between the dishes. 44. Straps or hinges of 
dishes. 45. Feet of dishes. 46. Perforated steam-pipe. 47. Pipe which may be useiF 
as a feed-heater. , ' • 
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required extent*. It has, however, been found that the expression of the oil 
is more readily effected if the paralfili is caused ,to assume a more distinctly 
crystalline form^ by the slow coaling 'of the oil in considerable bulk, and 
various arrangements for effecting this object have been patented by Mr, 
Henderson, Mr. Beilby, apd others. 

Mr. Henderson’s appiiratus. Figs. 144, 145, 146 and 147 (pp. 236-238), 
consists of a jacketed trough witk a circular bottom, across which trough, at 
short distances from each other, discs are placed, dividing the trough into a 
series of narrow partitions. The discs themselves consist of two thin plates 
bolted together-, but having a space left between them, and in that space, as 
well as in the jacket surrounding the trough, a circulation of cooled brine is 
kept up. The lubricating oil distillate being supplied to the tipugh, a crop 
of paraffin crystals fornls on the cold surfaces of the discs, and a set of slowly 
revolving arms carrying sprapers v(hich press gainst the disc faces serves 
at once to scrape off the deposit of paraffin, and to expose fresh' surfaces to 
the action of the cold. Extending along the bottom oC the trough there is 
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a well-portion or channel in which the semi-solid mass accumulates, and* 
being there stirred by rotating arms on a lower shaft it is readily discharged 
by a pump from the cooler through a pipe to filfer-pressdfe. 



The cooling arrangements adopted by Mr. Beilby, Pigs. 148 and 149 (pp.. 
239 and 24a), consists of a series of rectahgiilar dlls, sixteen feet long, eight 
leet deep, and one foot wide, built up vertically id blocks, say, of ten CbiTs e^h. 
Between each pair 01 oil-cells is an inter8pa(50 or intermediate cell through 


ELEVATION (WOODEN CASING REMOVED). 
Revolving Dram Refrigerator. 




Fig. 141. 
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which cold brine or cold air is caused to circulate. A period of four days is 
allowed for the slow cooling of the oil and gradual crystallisation of the 
paraffin. At the expiratioh of that time the oil-cell contains a solid slab, 



the crushing and shearing strength of which is 3 lbs. per square inch. Along 
the bottom of each cil-cellrextends a screw, one foot in diameter, the shaft 
of which passes through a stuffing-box at one end of the cell, and on this 
screw being rotated by worm-gearing the slab of oil ahd paraffin is sheared 
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away and the mashed material is discharged through a sluice valve at the 
other end of the cell ; the descent of the slab gravitation upon the screw 
as the sheiwing proceeds being assisted by making the <?ell somewhat wider 
at the bottom than at the top. From the sluice valve, the mass is pumped 
through a series ef horizontal filter-presses, and as the mass still contains 
oil, it^ is further subjected to a pressure of 2J tons per square inch in 



hydraulic presses, the paraflfiit thus obtained being in thh form of a hard 
cake, known in the trade as “ scale.” ^ • 

^ The crude paraffin was formerly relied by being several times recrystal- 
lised from shale spirit, subjected to pressure in a hydiuulic press, steamed 
to drive Off the spirit, and treated witH animal bharcoal ; but this method of 
refining has almosl^ entirely given place to wlJat is known as the “•sweating ” 
process, which may be described as follows The paraffin, in the requitesi 




236 ■ jEBFINIKG PAKAFFIN. . 

, ^ t 

proportions of hard and soft scale to give the desired melting point, is 
melted and run into pans, so as to form cakes about i 8 in. by 12 in., and 
these are allowed td cool. The cakes are then placed in the sweating 
house,” or hot chamber, which is provided with a series of racks, supporting 
thick sheets of matting, on which the cakes are laid. Tl^e temperature of 
the chamber is raised by means of steam-pipes \o within about 3*^ of the 
melting point of the desired product, and the /jak'es are exposed to this 
temperature for a few hours, or until they have, by fractional fusion, parted 
with the oil and low melting point, or soft, param/i which they contained. 
The residual cakes* are then melted, and fused paraffin intimately mixed 
with powdered animal charcoal and filtered. The purified product may then 
be run into trays so as to f6rm cakes, or direct into the candle moulds. 


Fia. 144. 



*■ 

Recently Messrs. Tervet and Allison patented an arrangement for the 
cooling ssrA sweating of paraffin, designed to economise labour and admit of 
the handling of the material in larger quantities. The plant employed 
consists of a cooling* and a sweating house, each subdivided into three 
sections, so that three qualities of paraffin may be treated. • In the cooling or 
outer chamber are arranged in each cection twenty cast-iron enamelled pans 
(ten on each side/>f the chamber), 20 to 30 feet (according to circumstances) 
in length, 30 inches in width, and 2 inches in depth. In these pans are 
placed sheets of oarivas slightly longer than the pans, to allow off an attach- 
ment being made, the paJns being then filled with melted paraffin, which i^ 
allowed to cool. On each ^ side of jeach section of the sweating or inner 
chamber are fitted ten shelves of corrugated steel plate, corresponding in 
position and length to the cooling pans. These plates«are inclined to the 
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front, and are provided with gutters to receive the drainage. The requisite 
temperature of the section of the sweating chamber is usually maintained by 
exhaust stf^am. At the end of each section is fixed a sinall hand-winch by 
means of which the cooled parafiin, adhering to the canvas and forming a 
long cake, is draypi from the cooling house into the sweating chamber and 
slowly passed over the corrugated plates, the cake cracking, and freely 
parting with the oil and lojv melting point paraffin in this operation. The 



hand-winch also draws the cakes from fche sweating house, and the paraffin 
then passes through a hopperanto a boiler where it is melted, and blown by 
steam pressure to the “ charooalisers,” after which it is filtered in the usual 
manner. The drainage from the cakes is similarly cooled and sweated for 
the production of a materiaj. of lower mdlting point. 

The lat^t arrangement for the refining of crude paraffin by sweating is 
the patent of Mr. M, Henderson. In cairying out this S37kem, a stbve 
or chamber is fitted with a number of horizon^ trays, about 21 feet in 
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lengft and 6| feet in width, supported in vertically arranged sets on an iron 
fmmework. Each traj is provided with a homontal diapbragm of iron 
gauze, covered witlf a woven fabnc to act as a strarn^. Tie stove u 
’urnisbed with steam pipes for the purpose of heating it, ftnd iaige doors 

FT(f, I4T- 



Henderson’s Cfooling Apparatus. ^ 


Desceiption op Fiouees. 


Figs. 144 and 145 are transverse and longitudinal vertical sections. Figs, 146 
and 147 are enlarged views of details. 

11. Vertical wrought-iron end plates of outer shell of trough. 

12, 13. Flanged cast-iron side plates of same. 

14, 15. Bottom plates of same, , ' 

16. Inner shelhof sheet iron. 

17, Discs thin metal, riveted on a^rame, 18, forming transverse vertical casings, 
20. Shaft carrying scraper-arms. 21. Bat to divide the upper part of space between 

discs, and thus cause proper circulation of cooling fluid. 

22, Inlet pipes for cooling fluid. 23. Outlet pipes for cooling fluid. 

24, 25. Projections to hold 17 and 18 in position. 

26. Ciist-iron frames in which sockets are formed to receive 25. 

27. StuflBng-box for shaft. * 28. Plates covering slots. 

29. Bearing piece. ^30. Scraper-prms. 31. Cap to fix scraper-arm to shaft. 
32. Scrapers.^ 33 . 34 - Scraper lugs. 

35. Helical springy to press outer scraping edges against discs, 17. 

36. Channel into which the congealed paraffin descends. 

37. Lower sh^ passing out through stuffing-box, 38, and carrying blades on 
arms, 39, 

40. Discharge pip3. ^ 

and ventilators to cool ' it when Required, the, operations of cooling and* 
heating being conducfted in the one chamber. Cold water is first run into 
the* trays. to a depth sufficient to cover the strainers, and then the paraffin, 
T^rpvinnclv TYifiltArl in ii. niitside the stove. is run fil unon the surface 
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Dbsctiiption Figuees. • 

Fig. 148 is an end elevation of the apparatus, wherein one of the cooling cells 
or units is shown in section. ' 

Fig. 149 is a front elevation with parts shown in section. 

The apparatus is supported on girders h, carried on the columns a. 

The unit of apparatus consists of a cell e, having othSr cells, d, on the sides thereof, 
for the purpose of absorbing heat from the liqi?|jd paraffin unijergoing cooling in repose 
in the ceil c. 

The figures repfesent a battery consisting of a series of such cells. * 
d^. Rotating screw or helical cutter. * 

/. Liquid-tight bearing. * * 

g. Outlet valve. 

h. End4)f shaft carrying worm-wheel which engages with worm or tangent 

screw j, on common shaft k. • 

* 1. Inlet through lower plat® m, of reservoir n. 

o. Rods,attached to plugs closing inlets.* o'. Auxiliary rods attached to plugs. 

<7. Cold water inlets, connected with cold water main t. ^ * 

Cold water outlets, provided with valves or cocks e, and connected pipes r, 
ti. Pump. V. Pipe to pump. w. Pipe to fllteJ;-presB x, ^ 
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of the water, bo M to fiU the trays. The pwaffin k 
and when it has become solid the water is drawn off. The docm 
ventilators of the chamber are then closed, and steam turned on to the 
heating coils. As the temperature gradually rises, the hquehed impurities 
drain off through suitably arranged adjustable outlets ^neath the st^^. 
When the paraffin has been sufficiently subjected to the sweating proc , 


Fig. 149. 



Beilby’s Cooling Apparatus. 

the temperature of the chamber is increased by the use of auxiliary ^m 
pipes, and the' residual paraffin becoming melted, passes through the 
rtrainers and runs through the outlete into a receiving tok outside the 
chamber. From this tank, the paraffin, which is maintamed in a hquia 
condition, is transfeired 6y pumping, or other means, to the decolonsere w 
be treated with chatcoal, the usual filtration completing the procew. It is 
claimed 'for this system that considerable economy of labour is effe^ed by 
the adoption of the arrangem^ts described for the changing and discharging 
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of the trays and conduct of the operations of cooling and sweating in the 
same chamber ; also that large quantities of material cqn thus be handled 
with plant^of moderate extent. 

A process fof the removal of the oil from crude paraffin which was 
devised by Mr. Stewy, consists in kneading the impure paraffin in a weak 
solution of alkaline soap et a temperature about ten degrees below the 
melting point. , ■* 

*As the result of the adoption of improved retorts for distilling the shale, 
coupled with greater care in the distillation of the crqde oil and the 
employment of more powerful ref^lgewitors, the percentage yield of paraffin 
has been greatly increased, and the quality of the ,heavy oils improved. 

The Ijjbricating oil expressed from the paraffin is fi-actionated by dis- 
tillation, and the products are purified by treatment with acid and alkali. 

The process adopted in the refining of shale oil is more complicated than 
that which is employed in obtaining the various commercial products from 
petroleum, and the details are varied according to circumstances. No 
attempt has therefore been made in the foregoing description to give more 
than a general outline of the principles u^n which the manufacture is 
conducted. The object of the shale-oil refin 3r is, like that of the petroleum 
refiner, to obtain, by the classification of the hydVocarbons present, the 
largest yield of the products for which he has the best sale. 

In the following tables will be found the approximate percentage yield 
from the crude oil of the products specified at two of tlfe principal refineries 
in Scotland, but the percentages are often purposely varied to suit the 
requirements of the market. 


’Young’s PaIiafpin Light and Mineral Oil Company. 


, Per cent. 

Gasolene . . .* 0.25 

Naphtha sp. gr. .70010.760 5.75 

Burning Oils : * 

No I, sp. gr. .802 to .804, F.P. no® (Abel test) \ 

„ 2 | ,, 1,810 ,, .812, 100 ,, I 

Crystal (No 1, finished by chemicdl treatment) h 3^.00 
Lighthouse oil, sp. gr. .810 to .820, F.P. 140® 


(Abel test) ) 

Lubricating oils of various specific gravities . . 14.50 

Paraffin (solid) * , ii.oo 

Loss • , 30 50 


Broxburn Ofb Company. 

Naphtha, sp. gr. .730 . . . * . . , , 

Burning Oils ; 

Pctroline, sp. gr. .800 to .802 ♦ 

No. I. „ . .808 „ .810 • . . . 

Lighthouse oil, sp. gr. .810 ) • 

Lubricating oils . , ^ 

Paraffin (solid) ......... 

ItOSS ..... t ... . 


.iqo.OO 


5.00 


37.28 


17.40 

12.52 

27.80 


. The commercial products ^obtained from shale oiT differ chemically from 
the corresponding products of the distillation of American petroleum in 
containing a larger proportion of hydrocarbons of the olefine seri^, and* a 
smaller proportion of^hose of the paraffine series. 
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In the foregoing pages an attempt has been made to present, within a com- 
paratively limitedrcompassj, the salient features of an industry which in respect , 
to its magnitude and rapid development is without parallel. Esving regard 
to the scope of this volume, the subject has been dealt with from the point of 
view of the employment of liquid and solid hydrocarbonsras a source of light, 
and such descriptions of crude oil or petroleum products as are intended for^ 
other uses have been refeiTed to only incidentally and in cases where it 
appeared that such reference was essential to a. ^ proper appreciation of the 
character of the^ industry as a whole. At the same time, it should be pointed 
out that vast as is the consumption ^f mineral oils in lamps, and of paraffin 
in the form of candles, the manufacture of products suitable for use as 
lubricants also constitutes a business of immense industrial ipiportance, 
whilst the growing employment of petroleum as liquid fuel and as a source of 
gas for illuminating purposes opens up a field of incalculable magnitude. 
These considerations may be regarded as justif3n[ng the view that this 
immense industry which at present supplies the whole civilised world with 
what has become one of thq, necessaries of life, may be regarded as being 
still in its adolescence, and as being not unlikely to reach a stage of develop- 
ment which will justify this beifig known as the age of petroleum. In a 
subsequent section, thb history of the evolution of the mineral oil lamp will 
be traced with a completeness which has not hitherto been attempted, and 
a full description will be given of the ingenious appliances which have been 
introduced within I-ecent years for the use of this oil as an illuminating 
agent. 
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{OTHER THAN GAS AND ELEOTRIC) ; 

OIL GAS; AIR GAS MACHINES AND CARBURETTORS. 

BY 

* BOVERTON REDWOOD. 


CHAPTE]I 1. 

p 

Historical Description of Lamps for use with Fixed Oils. 

A SHELL from the sea-shore or the skull of an animal was probably employed 
ius a receptacle for the oil of the primitive lamp, but the specimens of lamps 
of stone, earthenware, and metal to be found in our museums indicate that 
at a veiy early date attention was largely directed to their manufacture by 
the more civilised nations, and the aitist^ic merit of the antique Roman and 
Gi'ecian lamps is well known. These* lamps consisted of a shallow receptacle 


Fig. 150. Fig. 152. 



for the oil, with on© or more nozzles or wick-holders at the side, and were 
commonly of "jhe form illustrated in Fig. 150. Earthenware lamps of similar 
construction, but of less elegapt form, are ^ftill employed in India, provincial 
Russia, Galiqa and elsewhere. Specimens of these lamps in the possession 
of the writer are represented in Fig. 151, and primitive lamps of hammered 
iron, on© of which wai? found by the wriW in use at Cordova, in Fig. 152. 
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Lamps of this description possessed several defects. They emitted much 
smoke and gave bjut a dim light, which gradually diminished in intensity as 
the oil was consumed ; moreover, the light was obstructed in some directions** 
by the oil reservoir. 

Various ingenious arrangements for maintaining a constant oil level were 
suggested many centuries ago. Thus, Hero of, Alexandria (200 b;c.) devised^ 
a lamp, Fig. 153, in which the raising of the 0^ was effected by the pressure' 
of a liquid of greater .specific gravity acting through a column of air: A 
solution of brinp in a chamber G flowing tnrou^ a tap drove the air from 
a vessel D through a pipe Vintoran *oil reservoir A. The oil was thus 
forced from the reservoir A into the bird’s beak, wjjence it dropped into 
a receptacle /?, which supplied a wick burning at the tail. This arrange- „ 

‘ ‘ Fig. 155. 



ment, an adaptation of the well-known Hero’s fountain, Fig. 154, in which 
the pressure of liquid in a tub# a acts through a column of air 6, to drive 
liquid from a vessel c, through a jet was employed, with some modifi- 
cations, by King in hiS “hydro-pneumatic” lamp (Rees’ “ Encyc.” 1819; 
article, Lamps), and by Barton in 1809 (Patent No. 3272). 

Pig.,155 shows Girard’s “'fountain ” lamp, which is also constructed on 
this principle. The weight of the oil in a reservoir *A operating through 
the column of oil, a, 6, slightly fcompresses the air in a vessel B\ and the 
pressure thu^ exerted through the medium of the imprisoned air forces the 
oil from a vessel G through a tube g to the burner h. The tube c, rf', 
connecting the vessels (7 is bent like a siphon at the desired distance 
from the upper end, to reduce *the height to which the oil would otherwise 
be rai^d, the reduction* in height corresponding with the distance that the 
end d is below the surfacb of the oil in the vessel G, 

To prevent the gradual diminution in pressure hue to the falling of the 
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oil level in and the rising of the oil level in the vessel A is fitted 
• with an air-tube e /, while the exit end of the tu\)e a h w^J^hin the vessel h' 
is surrounded by a short tube of somewhat greater diameter, forming an 
annular space 8 s, Vhich is quickly filled with the oil. The efiective column 
of oil is thus that portion between the lower end of the air-tube e f and the 
•top of the' annular spacei 8 8 , and this length remains constant until the 
level of the oil sinks .below *6 in the vessel A, or rises above 8 8 in the 
vessel B\ , • 

What is known as the "bird-fountain principle, in whic^j the passage of 
air into the reservoir permits escape •of the liquid, appears to have been 
applied to lamps as ewly as the sixteenth century by Cardan (D’Allemagne, 


Yiii. 157 . 



“Histoire du Luminaire,” 1891, p. 238; and Rees* “ Encyc.” i8i9^article, 
Lamps), and later by Miles in 1781. • 

Rg. 156 represents an ari’angement of yiis charaetey. A is an oil vessel 
with a stopcock 0, ap air-tight stopper o ,and a tube a 6, open at Jx)th ends, 
inserted through an air-tight stuffing box x. The stopcock 0 being closed 
and the stopper o' withdrawn, the vessel A is filled with oil. Cfe the 
stopper being replaced, and thfe stopcock opened, the oil ^ill rise in the 
branch c to the level n n, corresponding with the lower, end of the tube 
(t h. If the Ibumer of a lamp be attached to the branch c, and the oil 
gradually consumed, the levcfl will remain constant, a few bubbles of air 
passing from •time to time from the lower*end of the tub6 a h into the vessel 
a, and a corresponding volume of oil flowing into'^the branch c. 

Fig. 157 represents a reading lamp embodying this principle. It is provided 
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with a bottle-shaped reservoir Ay having an outlet capable of being closed 
by a valve a. Wljen the reservoir, having been filled with oil and inverted, 
is placed in the casing By tke valve is lifted in consequence of ^ts spindle 
coming into contact with the bottom of the casing. The oil then flows into 
the casing until on a level with the mouth of the reservoir, and passes to 
the wick. As it is consumed and the level bQcoiqes slightly depressed, air 
enters the vessel A and permits a little more oU to flow out. 

Another application of this principle is made in Caron’s stopcock, Fig. i 58. 
The hollow plug, of the cock is divided into hn upper and a lower compart- 
ment by the partition a. Two round o][)positely placed openings e and 0, 
one in the upper and the other in the lower compart ny^nt, correspond with 
the apertures e' and 0' in the socket of the plug. In the position of the 
cock represented in the drawing, the upper aperture e is closed, while the 
lower aperture 0 is in direct communication with the oil in the circular oil 
vessel A A. An open tube m the lower end of which is at the same level 
as the burner of the lamp, supplies air as it is re^piired, in the same manner 


Fig. 160. 



as the tube a />''in Fig. 156. The supply of oil to the b;urner is furnished by 
tubes proceMing from the sunk part of the vessel q q. When the oil vessel 
requires replenishing, the plug is turned so that the upper aperture c is 
in communication with A A through e', while the lower aperture 0 is 
closed, ^d thus all connection with the biumer cut off. 

The principle of the 4 iydrostatio balance. Fig. 159, in which a heavy liquid 
in one limb of a vessel of the form shown raises a lighter liquid in the other 
limb to a height dependent on the relative densities of the liquids, has also 
been applied to lamps for raising the oil to the wick.* ' In the hydrostatic 
lamp of Thiloxier, Figs. 160 and 161, introduced in 1825, the oil is raised from 
a chamber B by the pressure of a strong solution of zinc sulphate contained 
in a vessel A ; the relative spedfic gravities of the two liquids being such* 
that a column of oil iS’-T inches (n hdght is supported by a id-inch column 
of the solution. The column of oil in the tuba a 6, at the upper extremity 
of which the burner is situated, add the column of zinc sulphate solution in 
the tube e d, above which is the cistern A containing the supply, both 
terminate in the chamber By find the flow of solution from A is regulated by 
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means of the air-pipe o in the manner described in connection with*Fig. 155. ^ 
The cistern B is completely filled with the two fluids, the tube e d terminating 
» at its lower end below the level w w of the zinc siilphate •solution. During 
the combilbfion qf the oil the level n n gradually rises until the vessel B 
becomes filled with the solution. A further supply of oil must then be 
introduced through* the burner, the solution being thus displaced and driven 
* back to its former positicfti, labile air is allowed to escape from the vessel A 
between the conical collar h of the tube o p and its seating. The oil which 
overflows the burner passeg through the tube i into tfie movable vessel q. 

In an arrangement proposed as «aiily as 1698 by Bobert^t. Clair (‘* Phil. 
Trans.” 1698, vol. xx. p. 380), the oil was supported at the desired height by 
floating it upon watfer, the level of which was gradually raised, as the oil 
was consifmed, by the continuous addition of water in regulated quantity. 

In 1787, Kiel* constructed a lamp having an oil chamber open at the 
bottom, and floating on salt water contained in a larger vessel. As the oil 
became consumed, the level of the water rose in the oil chamber, and the 
increase in the ^distance between the surface of the oil and the flame which, 
would otherwise have ensued was thus prevented. • 

In the well-known form of night light^in which the wick floats on the 
surface of the oil, another method of preventing any increase in the distance 
between the surface of the oil and the ilanie, is represented. 

Another device for furnishing the wdck with a uniform supply of oil is 
exemplified by the “Automaton” lamp invented by Poster in 1804 (Patent 
No. 2768). This consisted of a rectangular box, Fig. 162, so weighted and 
balanced that as the oil was burned, the containing vessel gradually assumed 
the inclined position shown. 

In Hero’s self- trimming lamp. Fig. 163, the efiect of the depression in 
the oil level was provided against by the automatic raising of the wick by 
means of a float &, acting through rack and pinion gearing. 

The oil lamps still used in parts of, Spain, are in some cases provided 
with a rack and pinion for adjusting \he position of the reservoir and thus 
regulating the supply of oil to the flame. This arrangement is shown in 
Fig. 1 64, which represents a lamp in the possession of the author. • 

In Bordier-Marcet’s^* Agtral ” lamp, jhg. J65, an annular oil reservoir of 
large area was adopted with the object of minimising the alteration in the 
oil level. 

Arrangements which obviate the necessity for any adjustment of level 
W supplying the oil to the flame, otherwise than by cainllarity, in quantity 
slightly in excess of that which is required, have at various times enjoyed 
considertjble popularity. Thu8,^n the well-known “ Moderator ” lamp. Figs. 
166, 167, 168, the oil is raised by the descent of a piston actuated by a spring. 
This arrangement was first suggested Stokes in 1787 patent No. 
1627), was subsequently adopted by Allcock in 1806 (Patent No. 2903), 
and Farey in 1825 (Patent No. 5214).^ The* present form of the lamp is due 
to Franchot, who introduced it in 1836, and patented it in England in that 
year through the agency of Houghton (Patent No. 7265). 

In the lamp figured, uniformity in the sypply of oil, notwithstanding the 
gradually diminishyg pressure exerted by the piston, is seciu^ in the 
following manner. The oil supply-tube Q, is constructed-in two pieces, one 
fitting into the other. The lower section, which is of the smaller diameter, 
passes through, and is attached At its lower end to the piston. The upper 
section is fixed to the burner and forms a sheath for the •lower. A small 
rod or wire (f is fixed in the upper tube an^ extends as far as the commence- 
ment of the lower and narrower tube when the piston is at the bottom of 
the cylinder. • When the spring is wound lip and the oil supply tube become^ 
telescoped, the wire JA extends throughout tKe small tube. Therefore, 
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when the spring is exerting its greatest pressure, the oil passing to the 
b^er through the annular space between the wire and the tube meets 
with the n^aximum amount of resistance from* friction,* and this retarding 
force gradually diminishes as the piston descends and the spring exerts less 
pressure. By adjusting the annular space to the strength of the spring 
the flow -of the oil may be^ rendered practically uniform. The sui’plus oil 

. Fiq.«i66 • 



flowing over the burner return* to the cylinder above th^ piston, and the 
fi*esh charge of oil is added to it. On the piston being raised, a vacuum is 
created benflhth it and the oil above it passes between the leather flange 
•ft a and the cylinder into the lower space. 

A modification of the Moderator lamp, known as the ** Diacon,” was at 
one time employed to a conside|:able extent in America. . • 

A somewhat similar arrangement, patented^in 1827 by Kobertsand XJpt^n 
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(Patent No. 5567), said to have been used for burning seed and common 
fish oils, is shown in Fig. 169. In this lamp, a weighted plunger if, working 
in the oil reservoir, ‘drives the oil to the burner 5 , through a pipe, Gy provided ® 
with a tap Q. The excess of oil passes to a cup H, whence#it flows through 
a pipe into the upper part of the reservoir. When the,pLston is raised, a 
valve in it allows this oil to pass into the lower part of the reservoir. 

In Meyer’s “Elliptic” lamp (Patent No. 78^^3, a.d. 1838), Fig. 170, the 
oil is forced through ^ tube D to the burner by the action of a leather 
piston By working in a reservoii* Ay and* press/fed down by a spring F, 

The tube passes a’lr-tight through the .piston, and is independently movable. 

It widens towards the burner, and encloses a capillary silver tube, through 
which all the oil passes to *the burner, the fine bore counteracting the pres- , 
sure on the oil, and^ only allowing the required a,mount to pass. In Charging 
the reservoir, the piston is raised by a rack and pinion worked by a key 
IK, 

In a lamp patented in 1840 by Thomas Young (No. 8468), and shown in 
Fig. 17 1, the oil is contained in a flexible bag forming t^he reservoir, which is 
subjected to thh pressure of wtighta of annular form y, the oil being thus 
forced to the burner through a cock controlled by a float ky resting on the oil, 
which surrounds the wick. 

Somewhat later, namely, in 1845, Roberts introduced a lamp (Patent 
No. 10,842), Fig. 172, in which the oil is raised, not directly to the 
burner, but to such a height that the capillary attraction of a wick 
is sufficient to complete the operation, by means of a weighted collapsible 
vessel Gy which may be lifted and held out of action when desired. The 
unconsumed oil is returned to the supply tubes through supplementary 
tubes at /. 

None of these methods for supplying the flame with oil enjoyed as wide 
a popularity as that of Oarcel, whose lamp, first introduced in 1798, is still 
used to a limited extent by the French,, and has been largely employed pn 
the Continent as a photometric standard on account of the unvarying light 
which it furnishes. In this lan^, Figs. 173, 1 74, 1 7 5, the burner is connected 
with a forked tube 5 , through which the oil is forcec^ from a reservoir A by 
pumps, each of which consists qf a box closed above by a diaphragm of gold- 
beaters’ skin fitted to a rod, to which a reciprocating motion is communicated 
by clockwork B. As the diaphragm rises, oil entei’S the box through a valve 
at one end, and as it descends, the oil is driven through another valve into 
the tube h. To ensupe uniformity in the supply, three pumps c. Fig. 174,^ 
operating successively, are employed. Each has a separate chamber from 
which it is supplied, but the hpace above the exit valves is common to all. 

The overflow; from the burner passes over its edges into the cistern A. 

The figures represent the Carcel lamp with Penot’s improvements. 
Slight modifications have also bpen introduced by Gagneau, Nicod, and 
Careau. 

Varitus devices have been employed for minimising the objectionable 
shadow cast by the reseWoir, which in many cases, as in that of Worms' 
lamp, Figs. 176, i77^»at one timei popular on the Continent, obscured a large 
area rounds the base of the lamp. » 

Fig. 178 shows* a study-lamp, having the reservoir^ a arranged at the 
side of and bfejiind the flame, so that no shadow is cast in front, and 
furnished with a shade k carried by a support m w to reflect a further 
amount of light dbwnwards. « 

In the “.^tral” lamp, already wfeiTed to, Fig, 165 (p. 247), the shadow i^ 
minimised by curving the inner surface of the adnular reservoir so as to reflect 
light downwards. In the “‘Sinumbm” lamp of Phillips, Fig. 179, Vhe reservoir ^ 
has a sharp wedge-shaped section, as shown, and no shs dow is cast. 
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A curious proposal for recovering the unconsumed matters of the flame 
is that of Besnard, w^hose “ Alembical ” lamp or lantern (Patent No. 1332, 
A.D. 1782) had an “alembical capital ”pr head, 
Fig, 173. which was said to arrest the smoke and un- 

consumed vapours and returr. them to the oil 
reservoir. , 

Prior to the year 1782, no attempts appear 
to have been made to regulate the amount oi* 
direct the flow ok the air which supplies the 
flame, thctiglf the use of the chimney had 
been proposed by Quinquet.^ The well-known 
lamp of Ami Argand, however, introduced in 
France in that year and patented in England 
in 1784 (No. 1425), was furnished with a 
burner having a tubular wick, through and 
round which the air was directed as shown, 
in Fig. 180, by the use of a chimney. By 

< Fig. 174. 




suitably adjusting the size and position of the 
chimney, the air supply was so regulated and ' 
directed on to the^flame as to produce enhanced 
brightness and almost to do away with the 
smoker. .This invention undoubtedly consti- 
tuted the greatest advance which has ever 
been fnade in the construction of lamps, the 
Argand burner being now used, almost in its 
original form, for liquid ansi gaseous illumi- 
nants. 

ll?he oil in the original Argand lamp was 
supplied to the wick on the “bird-fountain” 
principle, and the chimney was simply an iron 
tube suspended over the flame, but this was 
soon replaced by a glass chimney. The form 
of the chimney was in the first instance 
<7lindrical, but it was found that better results were obtained when the • 
lower part was made 6f somewhat greater diameter than the upper, or when 
the tube ‘was furnished with a constriction at such a height as to direct 
ifcl\e air current on to^the flan^. The first of these two modifications 'was 




• THE CASCEI, \aBP. 


*ss 

4 

adopted by Smethurst in 1802 (Patent No. 2654), and ig usually said to 
have been invented by him, though it is shown in drawings of French lamps 
of the tinie.of the Revolution (D’ Allemagne, * “ Histoire du Luminaire/* 

Kig. 175- 



1891, pp. 386 and 392). A chimney, the lower portion of which was 
spherical, waft introduced in 1808 by Seward (Patent 3148)* 

• Following the invention of Argand, numerous devices aiming at more per- 
fecjt combustion in the flame were intr^ueed. Thue in thb Liverpool ” lamp. 
Fig. 1 8 1, the Argand burner is fitted with a rod terminated by a plate whicn 
is 80 adjusted that the air passing through the tube surrounded by the wicl^ 
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ig deflected against the flamC) imparting to it the globular form shown, and 
producing a more brilliant light. 

This plate or deflector a, generally known as the ** Liverpool button,” 
has been largely employed in other lamps, including Yonng’s well-known 


Fig. 177. 



Vesta lamp, described in the next chapter (p, 268), and the lamp of Robei’ts 
(Patent No. 10,842, a.d. 1845), Fi^. 182, Four substitutes for the deflector 
e, Fig. 182, ^escribed by RobeHs in his specificfition, are shown in Fig. 183, 
two being perforated and supplying the air in a steady stream to the 


Fig. 179. 




flame, and two being trumpet-shaped, one open at the top and furnishing two 
currents of air, whilst the oth^r is closed at the top and ‘perforated at 
the sides. An important part of Roberts’s invention, foreshadowing the 
principle of some 01 the burners nUw in use, consists in the employment, in, 
additioft to the deflector «, of two tubes of Wedgwood, or other mateiial,/ 
^ig. 1 82, which deflect the au^ on to the outside of the flame. These tubes are 
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dispenBedf with in another of Boberts’s lamps^ the air passing between an 
outer tube and th^ wick, and coming out just at the edge of the latter, the 
tube being perforated at the bottom and gradually narrowing i^t the top, so 
that the air escapes in contact with the wick.^ , * 

Figs. 184, 185, and 186 exhibit the details of a bijrner introduced in 
1840 by Benkler of Wiesbaden, and extremely popular at one time. The 
important feature of this burner consists in^ the insertion of a slightly 
conical brass ring d d jietween the lower part of the 'glass chimney a a and 
the upper part h h, thus forming a sudden Viontr 4 ction, the opening in the 
metallic ring beiAg of the same diamet<3r Ls the wick. The outer air current 
is thus driven at a sharp angle against the flame, which is rendered 
narrower and much longer. This burner is stated to have furnished a 
white light of grei^t intensity. ' 

This principle was also adopted in the Birmingham “ Solar” lamp, which 
was at one time largely used for burning the commoner oils. The air is 



deflected upon the flqme by a metal or glass device, of conical or other shapp, 
a, four forms of which are shown in Fig., 187. In form i, the deflector 
may be described as the conicali top of a metal box ; in form 2, it is of glass 
with a met^\ ring round the mputh ; in form 3, it is carried by an open 
or skeleton frame j and in form 4,^ the cone is replaced by a flat metal ring, 
fixed on a skeleton support, the external edge of wMch fits the glass 
chimney. 

In the lamp of Roberts & Upton (Patent iNo* 5567, a.d. 1827) shown in 
Fig. 169 (p. 251), the air supply is regulated by an arrangement consisting 
of a fixed and a movable piate^ both similarly perforated so that the per- 
forations "may be closed or opened by adjusting the « movable plate. In 
Young's lamp previously described. Fig. 171 (p. 252); the ak* is supplied to 
the flame at the requisite point, by the use of a perforated annulus A. 
This arrangement was also employed in a lamp patented by the same 
inventor in 1841 (Patent No. 9024), the chimney being ^rforated, or’ 
formed in two parts, inhere the plate is inserted, and having arrangemeqte 
for raising or lowering it Jo regukje the air supply. Fig. 1 88 represents one of 

- * Eoljerts had previously, namely, in 1842, patented a compouiyd perforated disc or ring air"* 
^deflector, described in the next chapter (see Fig. aoo,p. 369). 
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Thomas Ifoung’s portable lamps in which the air is supplied through wire 
gauze surfaces c rf,, which break up the currents and minimise the bad effects 
of sudden draughts. 

Fig. 189 is a section of a “ spirit lamp introduced by William Young in 
^843 (Patent No. 9989), The air passes through a perforated tube k, and 
through the wick- surrounded tube, the wick hewing partly cut away— that is, 
being only semi-cylindrical at the lower part— topermit such passage of the air. 
One, two or more plates, carried by a bar u, deflect the air into the flame. Fig. 
1 90 depicts a hand oil lamp by the same inventor. 'The aii- passes to? the flame 
through a diort {[Perforated tube F, ^Od ih tubes F surrounding and attached 
to the upper parts of tubps or holders C, carrying the wick or wicks. These 
wick-carriers arc secured to a threaded ring working in an internal^ thread 


Fig. 188. 



on a fixed tube D, so that when*‘the casing F' is turned with the tubes F 
and C, Jhe latter rise or fall in the tube I) and thus adjust the wick. 

Fig. 19 1 shows another lamp patented by William^ Young (Patent No. 
1675, A.D. 1857), ii^ which the wick is surmounted by a perforated metal 
annulus forming the burner. ' The air passes to the flame as shown by 
the arrows, partly up deflectors on a tube d, and pai^ly through grooves 
on a wooden tubq 5 , The tube d has a horizontal passage into the tube /, 
and on the latier tube the wick-liolder ff slides. 

Fig. 192 (p. 263) represents a lamp introduced by James Young (Patent 
No. 489, A.D, 1858) fqr railway signalling. The chimney is dispensed with, 
the lamp case being arranged as shown, and perforated below so that the 
air is supplied to the burner as indicated by the arrows. Fig. 193 (p. 264)^ 
exhibits the form of a lailip invented by filing in i§59 (Patent No. 2967)^^ 
^in which the wdnd-guafd is perforated to admit air, and is coned sJb tb^; 
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top to direct the current on to the flame. The globe gallery is supported 
^by perforated wings or brass wires P, to minimise any ebstruction of the 
passage of ww An invention 
for supplying oxygen instead 
of air to the inner tAbe of the 
.Argand burner was patentee^ 
in 1^39 by Gurney and llixom 
(Patent No. 8098). , 

Two arfangements for fifr- 
nishing a current of air to 
the flame were inte'oduced 
• respective^ by Halpin (Patent 
No. 8689, A.D. 1840) and Rat? 

(Patent No. 2301, a.d. 1861). 

In the former, air or oxygen 
was supplied to the flame by 
the use Ox‘ a fan ot* blower*, driven 
by clockwork or otherwise, 
or fr^m a reservoir ; whilst in 
the latter, which* is shown in 
Fig. 194 (p. 264), and was in- 
tended for burning heavy oils, 
fi cur rent of air* was caused to 
pass up the tubular pedestal of 
the lamp to the burner e, by 
the use of a small supplemen- 
tary lamp /, placed at its base. 

It shoukl be noted that an ar- 
rangement of bellows for sup- 
plyiftg 1 egular currents of air 
for “lamps, forges, fires or 
furnaces,” had been patented 
in 1839 Lamb (Patent No. 

8003). 

For burning thick crude 
whale oil, which will not ordi- 
narily pass up the wick, the 
iaTnp shown in Fig. 195 (p. 265) 
was introduced by Parker in 
1838 (Patent No. 768^2). The 
resorvoli, which acts on the 
bird-fountain principle, suF- 
rounds the upper part of the 
chimney, which is made of 
metal, so that the oil, under 
the influence of the heat to 
which it is subjected^ becomes 
sulficiently fluid to flow easily. 

The lamp has a stationary wick 
which is renewed each time 
the lamp is used, and the 
chimney is afljustable by a 
rack and pinion so that the 

dniught may be regulated. , 

A proposal to increase the luminosity of the flame by surrounding the lower 
part with a wire spiral, was made in 1 840 by Thonjas Youn^ (Patent No. 8468), , 
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Attention was directed at a very early date to the wicks of laihps The* 
old Roman lamps had wicks of oakum or Carpasian flax, and the lamps 

• employed by the vestal virgins are said to have Jiad wicSs of asbestos. As 

© • 

Fig. 192. 



early as th^ear 1684, Dr. Robert Plot, in an almost fofgotten paper read 
Wore the rnilosophical Society of OidFord (see ** Phil. Trans. 1684,’^ p. 806), 
proposed for sepulchral or pehpetual lam^s, the use of wjcks of asWtos or of 
gold or othet metallic wire “which will lick up c^I as well as any other wick,” 
though he states that a wick of iron wire is not good. 
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In 1822, A. and D. Gordon (Patent No. 4638) proposed the use of wicks 
composed of bundles of threads or capillary tubes of platinum, gold, silver, 
copper, glass, &c., oound together with metal gauze or wire; ^ijd in 1845 
Roberts (Patent No. 10,842) suggested the employment of, wicks of bamboo, 
cane or porous wood, and of an asbestos wick fitted between two concentric 
tubes perforated below for the passage of the oil. 

The principal improvements, however, related to the cotton wick. The 
flat ribbon wick, which, appears to have been introduded in 1773 by Leger, 

t ‘ 

« I 

\ Fig. 193. i Fig. 194. 



was soon ftuproved upon by Argand, who introducejl* the tubular wick, 
Pig. 180 (p. 257); this again, has In large measure b^n replaced by a flat 
wick of suitable width which readily adjusts itself round the inner wick-tube, 
and is preferable to an ill-fitting tubular wick. King (Patent No. 2967, 
A.D. 1859) bifurcates the lower part of the wick, the holder being similarly 
formed to receive ft. ' * , . • 

Fig. 1 96 represents a burner, introduced in 1 85 7 by William 12 ioung (Patent 
Nb. 1675, A.D. 1857), fitted ‘with two wicks d, which are supplied by a single 
wick c. £ig. 191 (p. 262) shows a lamp described in the b.me specification, 
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already referr^ to, in which the wick is surmounted by a performed metal' 
annulus A, which really forms the wick. ^ 

“ ‘I'ese various lamps’ for adjusting the 
height of the wjok j^^nt no particular features of importance. Hero’s 
self-trimming lamp, Fig. ,63 (p. ,48), has ali^y been described, and 

Fk;. i95.» 



ceitairi simple method's of adjustment by hand are shown in other drawings 
or have been mentioned. In the “ Sinumbra"’ lamp, Fig. 179 (p. 256), the wick 
is fariied by a holder having a shoSi; pin working in a spiral groove in an 
inner cylinder /, and another pin w’orking m a straight slot in an outer 
tube 6 connected with the lamp gallery. , The wick is thus raised or lowered 
on turning the gallery.^ • 


, CHAITEK IL 

« 

9 The Evolution of the Mineral Oil Lamp. 

s * • 

ALTiiouciir the description of lamps for use with fixed oil^ given in the 
previous chapter applies generally to ihe mineral oil lamp and exhibits the 
earlier stages of its evolution, the latter type of lamp has so many charac- 
teristic features and has so completely displaced the former, that a separate 
chapter may well be devoted to a crmsideration of jts development? 

V The special features of mineral oil lamps are mainly due to the compara- 
tive volatility and inflammability of the virions descri{)tions of mineral oil 
commonly uspd for illuminating purposes, as well as to the higlf percentage 
of carbon in the oil ; these conditions tender it necessary to guard against 
any considerable elevation of the temperature of the DuMfc of the oU, and 
especially against the ignition of an inflammable or explosive mixture of 
petroleum vtpour and air which may be formed in the upper part of the 
?amp reservoir, whilst at.therfiame time thb illuminant must be continuously 
supplied in proper quantities to the flame, and air.admitted in such a manner 
as t 5 o produce a brilliant light by the smokeless *and odourless combustion* of 
the oU, There are also details of construction peculiar to lamps for burning 
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* mineral oils which are not covered by the foregoing general defimtion, sucli 
as devices for facilitating the lighting and extingmshing of the lamp, as 
well as arrangements for minimising the risk of ignition of th^ oil in calse 
of accident to the lamp. These will be exemplified in the following descrip- 
tion of typical forms of mineral oil lamps. f 

As early as i8i8, a patent was granted to Siy Thomas Cochrane (Patent 
No. 4241) for “lamps for streets, which effectuj^ie and regulate the combus- 
tion of a certain purified essential oil or spirit obtained from different 
ligneous, carbonaceous, or bitumiivius sub- 
* 91 ; stances .y.8uhlly called spirit of tar or oil of 

tar.” The wick-tube was^ varied in length, or 
the passage of the oil was retarded by thb 
insertion of sand , or other material into the 
burner, according to the density of the oil, so 
that the illuminant should not be too rapidly 
supplied to the flame. 

A patent was obtained in 1841 (No. 9195) 
by W. E. Newton, for improvements in vapour 
and other lamps for burning petroleum and a 
large number of other substances, of which a 
list is given in the specification. The inventor 
describes various burners suitable for con- 
suming oils of diflerent densities; he also 
claims the use of wicks of glass in the form of 
thread, twist, tissue, or gauze, though such 
wicks had been proposed long before, as stated 
in the pi'evious chapter. 

' Fig. 197 is a section 
of one of his vapour 
lamps, in which the 
heat of the flame 
volatilises the oil iu 
a chamber A, sup- 
plied from a recepta- 
cle G having a supply 
i-eservoir N, The oil 
flows from the vessel 
G to the chamber J 
as fast as it is con- 
sumed, an air cham- 
ber K communicating 
with both admitting 
air to the vessel G ai 
the level falls. The va 
pour from the cham 
her A passes througl 
the burner tube and "bums at a sinall jet (7 of platinum or other metaJ. 

The firs't lamps, however, in which mineral oils were burned to any grea 
extent were .the so^Ued “camphin^” lamps, previously introduced for ua 
with oil of turpentine. 

Fig. 198 showf; a lamp introduced in 1842 by William Young (Paten 
No. 9368. It has a number of flat wicks arranged so ac to form \ 
roughly tubular wick, and having the air passing round and between them 
They receive the oil through a tabular wick 0 , against which they ar 
pressed by springs E. Sometimes a single flat wick, bent into a tubula 
form, is used, the nearly meeting edges being sufficiently distant to permit tn 
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passage of»air between them. To regulate the amount of surface exposed to 
the flame, the wicks are surrounded outside by a ring or tube and inside 
by a ring or tube both carried by a holder adjustable vertically on 
the lamp body. Thus the amount of wick exposed to the 'flame is varied 
by raising or lowering the holder. 

Fig. 199 represents the burner of James Young's well-known “Vesta ” 
lamp, which is^of the Argand form with a 
‘•Liverpool button’* for deflecting the 
internal cufrentc'of air, entering near the 
pinion hhndle and passing through the 
burner to the inner, side of the flame. 
The wick-tube is encircled by a c^ne, the 
outer current of aii’ entering between the 
two and impinging on the flame. This 
lamp was introduced for burning cam- 
phine, but was also largely used for burn- 
ing the oil obtained by distillWig shale. 

In 1842, George Roberts (Patent 
9446) introduced a lamp, Fig, 200, in 
which the air is directed ujfen the flame 
at different heights by rings or perforated 
discs, iy y, kf /, of regularly decreasing 
internal diamett'r, the ring i being of 
somewhat smaller diametei* than the flame. 
The air passes through openings in the 
frame e, and travels up to the rings, within 
a tube m. 

Fig. 201 shows Roberts's “ Gem ” lamp, 
which is said to have been the best cam* 

I phine lamp of its- time. The internal fiir 
current passes to the Argand burner 
through a tube a, traversing the reservoir, 
ancl is directed 01^ to the flame by a de- 
r fleeter /. The- v3xternal air supply passes 
through two series of holes in the gallery 
supporting the chimney. 

Several deflectors patented by Roberts 
in 1845, and depicted in Fig. 183, have < 
already beent,described. 

Prior to the year 1859, the only 
lamps used in America for burning petro- 
leum’ y^er^ imported from Vienna, but in 
that year no fewer than forty patents were 
granted in the United States for petro- 
leum lamps and burnerSi and appliances in 
connection with them. The number of 
patents taken out subsequently increased 
from 71 in the year i86b to 186 in 1876. 
Fig. 202 represents four of the old’^mineral oil lamps formerly in use in the 
United States— ‘being a spring-catch brass stand-lamp, introduced in i860 ; 

11., a glass stand-lamp, >vith the Hale burner, which was patented in 1858 ; 

111., a screw-catch glass stand-lamp ; and IV., a spring-catch laiip. 

In 1852 or 1853, SfobVasser, of Berlin, introt^ced his “ Solar Oil Argand 
Burner," for use with* the “^photogeue” prepared by Nobl6e, of, Hamburg, 
by distilling coal, as well as a flat-wick burner for the oil obtained from 
lignite. The latter form of burner was soon adopted. With some modifioa- 


Fig. 199. 
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tions, for burning shale oil, and was largely manufactured by K Lddlaw 
and for Young’s Parafiin Light and Minei-al Oil Company. 

Meanwhile, in this country the improvement of ap^iances for burning 
mineral oAs was steadily progressing, and in 1865 J. and J. Hinks obtained a 
patent(No. 2785) fpr their well-known duplex burner. This burner, which had 
been foreshadowed in a two-wick biumer constructed by Angus Smith and in 
William Young’s two-wick btirner which is shown in Fig. 1 96, and has been pre- 
vibusly mentioned (p.^* 264), has two or more wicks placed in tubular holders 
a h, Fig.,,203 (p. 271), of ^raight or semi-cylindrictil or other curved form, so 
arranged that the flame shall be t^f <Jvplex or circular, elliptic, or other form. 
The air supplied to^the inner surface of the flame enters the tube c through 


Fig. 200. 



branch tubes, the qpen ends of which pass out between the wicks ; whilst that 
supplied to the outside of the flame passes through % perforated plate m, into 
the dome i, which is provided with openings k I for the passage of the flames. 
Tn the present form of the Ilinks duplex burner, two flat parallel wick-tubes 
are employed, and the wicks are not Isrought togethei" at the base of the 
burner in the manner exhibited in the figure. A duahbyrner, having two 
flat wicks in a cone furnished with a single slot, was patented in 1871 by 
Holver Ifol^erstone, of Cambridge, Mass. Litigation bei^.ween this inventor 
jand J. and J . Hinks resulted in an amicable arrangement. 

In 1866, T. Rowatt patented (Patent No. 203) his ‘‘.Anucapnic” burner, 
Fig. 204 (p. 272), in which two distinct air-curreni!s are produced and directed 
on to the flamoj without the use of the ordinary chimney, by means of two 
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^oones or (feflectors df, the outer of which rests on the perfomted flange rf 
the inner) air being supplied to the inner cone through apertures e, in its 
support h, * , 

Thomas Rowatt and Sons patented an improved “ AnucapW ” burner 
in 1878, and introduced their Lome ” burner, Fig. 205 (p. 272), in 1882. In 
the latto, the wick-tubes are inclined, so that the flames coalesce, while the 

wicku beneath the burner are in 
contkct; increased luminosity 4n 
the fl^es, and increased capil- 
V lary attraction in the wicks, 

. being claimed for this arrange- 
ment. 

Fig. 206 (p. 272) sho'vf s a lamp 
introduced in 1867, by George 
Young (Patent No. 525). The air 
is supplied through perforations 
a <?, formed in a casing K and a 
cap F respectively. The air 
supplied at « is dimcted to the 
upper part of the wick by a 6ap 
c and a tube h carried by it. 
Sometimes the cap is perforated, 
and the tube h dispensed with. 

The lamp illustrated in sec- 
tion in Fig. 207 (p. 2 7 3) represents 
one of a number supplied from 
a single elevated tank by the 
system patented by Peter Brash 
and William Young in 1867 (No. 
t 1315). Each lamp is connected 
with the tank by a tube, and the 
oil supply is controlled by a 
valve, w^hich is closed by the 
actiomof a float /Svhen sufficient 
oil has entered the reservoir. 
Two wicks are \ised, and the 
flames coalesce, as in the Lome 
burner. The lamp shown is ar-, 
raijged to give a horizontal flame. 

Fig. 208 (p. 274) represents a 
burner patented in 1870 by John 
Young (No. 1906), which may be 
used with the globe shown or with 
an ordinary chimney. The supply 
of air to the fl,fime is obtained by 
the use of a perforated casing 5 
and a cone 4, the lower part of 
which is provided with perfora- 
tions through which a portion of 4ihe air passes into the chimney. The 
adjustment of thl* burner tube to the proper distance below the cone 4 is 
said to be of importance in obtaining the maximum light. 

In the burner shown in Fig. 209 274), which was patentecj^by Silber in 

1873 (No. 1304), the ail is suppli^ to the upper part of the tubular wick„ 
which is drawn over, a tube 6, by o^e or more bell-mouthed or straight con- 
centric tubes B G, perforated, at d for the entrance of air. The usual dome 
or cap is ‘applied above the burner. 


Fig. 201. 
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Two years previously, Silber patented a lamp provided with an* annular 
dr space passing vertically through the body of the lamp Jbetween *the wick 
chamber aijji,the oil reservoir. Oil was supplied to the wick through several 
small tubes connecting the base of the oil reservoir with the wick case, and 
}hu8 the main body^f the oil was kept cool. 

The Doty triplex burner, which was patented in England in 1876 through 
;he agency of Morgan-Brown^(No. 893) is represented in Figs. 210 and 211 
pp! 274 and 275). This j^urner is fitted with three* flat or curved wicks 
Massed thupugh tubes d, which are preferably inclined so as to nearly meet 
it the top in order to prevent undue^enlargement of the rfeck of the lamp, 
vhile ensuring a go<jd supply of air. The wicks, are preferably arranged 


Fig. 207. 



Figs. 212, 213, and 214 (p. 275) show the original “ Champion” burner. 
It is preferably constructed with two wick holders F, which are flat at the 
bottom, and gradually shaped to a semi-cylinder at the top, so that the flat 
wicks are brought together in.,the form of a*cylinder. * The holders terminate 
at the top in ,a tubular annulus G, thro^h which the wicks pass, and are 
connected by a perforated plate S. The height or the cap or air deflector 
A is varied by means bf a screw H until the air, which enters through the 

» ' . fl * 







the top of the #oiie impinges upon the higher parts of the flame. In the 
Improved Champion ” burnei^ Fig. 215, which is intended for burning the 
heavier oils, tjie air is supplied to the flame .through the medium of a 
vertically adjustable air chamber perforated atf its bane and open above/ 
and by the use of a ■v^ry large “ Liverpool button perforated at its 
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edge, aW carried by a perforated support M* The chimney gallery is 
fitted with a perforated plate E, which directs the air equally round thq 
flame. < 

Fig. 216 exhibits the construction of the “ Regulator/’ which consists of 



a, cap attached to the cone, and so formed that it covers up a portion of the 
wick, and protects it from the action of the flame. The regulator preventi 
the wick from being, raised enough to cause the emission of smoke } it alsc 
facilitates trimming, and, when heavy oils "are used, acts by covering th< 
. corners of the wick, so suclf parts form feeders to the burning portion 

• Many other Argand burners described in this chapter may be used with the ‘‘ Liverppo 
( button.” I , 
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a plentiful supply of the illuminant being thus securedi For burning 
heavy oils without a chimney, Ragg fits in the slot in the burner dome a 
shallow troi^gji with the bottom cut out over* the wick. The trough 
becomes much heat^ed, and produces a broadening of the flame. 

In the Defriesw Lamp ” Fig. 217, patented by Sepulchre (No. 5428, 
,A.D. i88i)j*the tubular wick passes between two tubes A R, the tube 1 ^, 
which is grooved to facilitate the passage of the oil, being fixed to the re> 
moifable burner, and kept concentric with the tube A^ by a short tube C, 
secured th#!reto. The tube* fdrms a channel for the conveyance of air 
from the base of the lamp, through reservoir, to th^ interior of the 
Argand burner, whilst the tube B serves to arrest the passage of flame 
• into the reservoir, and prevents outflow of the oil if the lamp is overturned. 

* Fig. 2I9. 



lamp is charged. The air is deflected against the in^de of the flam^ by two 
discs on a tube S, fitted on a wire /?, and the outside of the flame is supplied 
with air through the burner cap^ 7 >. Fig. ^18 shows aA improved form of 
air-diffuser, 

The “ Lampe Beige,” whffjh is made bj the Midland lighting Company, 
has a central air-tul^ passing through the oil reservoir, aifd is furnished 
with an excellent arrangement for raising and lowering th^ wick. 

Among the chimneyless lamps may be mentioned the “Empire” and 
“•Peerless” burners, patented by Rippin^lle (No.* 668, a.d. 1879, and 
Ko, 2048, A.D, 1884), and manufactured .by the ^bioi> Lamp Company. 
These burners differ in details of constructi<Jn from those previously^ 
described, particularly as regards the supply of oil to the flame. 
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Another chimneyless burner, Fig. 219, is that of Lighbody (Patent 
No. 117, A.D, 1874). The air passes to the burner through apertures F, 
perforated plate K, and a perforated cylinder B ; it is thus brQken up and 
uniformly distributed. 

In Postlethvvaite’s “ Excelsior Duplex ” burner, the wicks are adjusted 
simultaneously by two pinions geared together, and the two flatnes, which . 
pass through n. single slot in the burner cap, 'very nearly coalesce, but are 
separated by a thin .stratum of air, which improves the combustion and 
luminosity. To prevent spreading of the 'dame- at the top, two currents of 
cold air are admitted directly to the ^hidiney. 

Fig. 220 represents the “Excelsior Argand ” burper, manufactured by 
Kiesow and Co. It has two wicks meeting together to form a cylinder, alid 
secured by wire ejips to* a tube, which is raked or lowered by a rack and 

Fig. 220. Fk;. 221 



pinion. Thus the wick is not touched by the gearing, and may be of very 
loose texture. The tube also prevents the turning down of the wick to a 
dangerous extent. A “ Liverpool button distributes the air to the interior 
of the flkme. 

The “ Mitrailleuse ” burner, Fig. 221, patented by Rettich, has a large 
number of solid cylindrical Wicks, which are arranged in a circle, so 
that they may be adjusted simultaneously by one winner, and cannot be 
turned down, so a's to drop into the reservoir!’ An air-diduser with two 
discs aids the ccAiibustion as in other lamps, and a small platform is arranged 
to catch any pieces of charred wick which fall into the burner. This lamp 
has an arrangemoV foF raising the gallery with the chimneyt.and globe to 
facilitate lighting. " ^ ^ 

Fig. 222 shows* the “Lampe yeritas” introduced by Fgjk, Stadelman 
.ind Co. It is provided with a specially shaped air-diffuser or button, 
juid with the wick-rai|*ing arrangements illustrated. 
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Sugg’s “ Westminster ” burner is remarkable in being constructed with » 
wick-tubes of steatite. 

• An American lamp, on the Argand prin9iple, patented in 1882 by 
J. Funck, b&s a long inner wick-tube, extending almost to the bottom of 
the cylinder which serves as an outer wick-case. The wick is held in 
another long tube of thin metal, to which is attached a stud working in a 

* spiral groove made in a foui^h tube extending downwards from the collar 
which supports the cone. The tube which holds the wick is revolved by a 
pinion working in teeth ctit in ihe lower edge of thS cone, so that through 
the action of the spiral groove the^wick is raised or lowered. 

In the American “Rochester’^ famp (U.S. Patent tio. 348,969, A.n. 
»886), an air-diffusdl- consisting of a cylinder C, Fig. 223, closed at the top 



and having pei’f orated walls, is used, ^^he wick passes between the mr- 
tube B and a tul^ 1 ), and is carried by an annulus or hoop /, which is 
raised or lowered to adjust the wick by means of a»rod A, having a handle 6 
and sliding in a split guide c* The holder J and the^connected parts iijgy 
be lifted entirely from the lamp for the insertion of a new wicl^. 

A recefUy* improvement (U.S. Patept No. 364,438, a.d. 1887) in this 
lamp, consists in fitting outside the tube B a short tubg, the upper end of 
which forms the air-difFu8er*6\ The use of this tube is stated to prevent the 
creeping of the oil down the inside of the tube B to the base of the lamp. 

„ In the ^ Royal Argand ” burner, mayufacturc^ by the New York Br^s 
Company, there are two Wicks, connected by a bayonet catch, one wick 

• A flexible wire such as is employed in a dentist’s (^riUIdg machine bus, in another fon^ of 
lamp, been substituted fot the rigid rod K. 


I 
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supplying the oil to the other, which forms the burner wick The burner 
is so constructed that the wick cannot be unduly lowered. 

The “ Waterbuiy lamp ”^has an ingenious arrangement for facilitating the 
insertion of the wick, whilst the “ Star ” lamp has an anniilaf air-space 
surrounding the wick-tube and passing through the oil reservoir on the 
principle of Silber’s lamp already described. Both these American latops 
have Argand burners, and are fitted with extinguishers. 


Among American flat-wick burners 
may be mentioned the'' Sun-hinge ” and 
the “Manhattan." In the former the 
cone can be .uiseJi, like the hinged lia'of 
a box, for trimming or lighting without 
removing the chimney. ^ The latter is 
fitted with a double cone, and gives a tall, 


Fig. 224. 



well-shaped flame. The principal features 
of the Apierican flat-wick burners ^n com- 
parison with ^uilar English burners^ are 
the thinness of the metal, which i^i stated 
to minimise the conduction of heat to the 
reservoir, ^and the shortness of the wick- 
tubes, which is of advantage in diminishing 
the height to which the ofl has to he raised. 


Fig. 225. 





In Fig, 2 ?4 is shown “ Trotter’s shadow- ’ 

less" pendant lamp, t The ordinary reservoir is replaced, in ther'^'^inumbra ” 
lamp described ii^the previous chapter, by an annular reservoir which sup*^ 
plies a small central chamber forming the reservoir proper. This chamber 
is always full of oil, as it is lower than the main reservoir, ^d there is. 
therefore no risk of the formation .of an explosive atmosphere in it. 

The “Moderator” and “Oarcel” principles previously described as 
applied to lamps burning fix^ oils, have been adapted to petroleum lamps 
by several inventors. Fig. 225 exhibits the construetion of the “Auto- 
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rejfulator’’ lamp of Peigniet-Changeur. The oil is raised from* a lower* 
receptacle into a reservoir B, by a pump driven by clockwork 0. When the 

• * Fig. 226. 
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by Aria (No. 16,073, 

main reservoir in tj^ielamp base, into a vessel A, whence it is slipplied to 
the wick. The burner is fitted with a wire gauze disc t, to arrest any 
falling pieces of charred wick, a skeleton support 6, and a perforated casing. 
The cylindrical wick (/ is supplied by a wick <7^ secured tQ it at 

r . Fig. 228. 



Fig. 227. 



In another arrangement invented by Aria (Patent No. 15,768, a.d. 
1888), the receptacle A, Fig. 227, which has a flange n to prevent overflow 
from the shaking of the lamp, is supplied either from an upper reservoir as 
in a reading or 1 ail way roof lamp, or from a lower level by means of a pump 
or piston as in the Oarcel or Moderator lamp. A central tube C supplies 
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air to the flame, and a skeleton frame B supports the burner above the 
re.servoir. An ordinary tubular wick is used. 

In a flat-wick burner, Fig. 228, described in a later specification of Aria 
(No. 8995, A.D. 1890), the frame B is replaced by a perforated annulus a* and 
the tube C by two semi-eylibdrical air«tubes €, the lower endfe of which are 
covered by a cap /formed with a slot which may be more or less clo»ed so 
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as to regulate the admission of air. A cup a* receives any ovei'flow. Two 
^ or more wicks placed side by side may be used. • 

Fig. shows the “Sunlight'^ lamp of Ross and Atkins (Patent 
No. 2019, A.n. 11889). It is a mineral oil lamp working on the inverted 
Argand principle? so successfully applied to gas-burners. The burner wick 
. preferably consists of -an {innulus ’of the ordinary loosely woven spirit 
l^mp wick, but may be fprmed of “solid permeable material made of 
asbestos fibre or of porqus nyineral.” It is supplied by three flat wicks 4, 





# ^ • 

or by a nuynj)©!’ of, separate round wicks, from an annular reservoir fitted 
with a reflector to increaJfe the light. Sometimes the, ends of the wicks, 
4, themselves constitute the burner, in which case they are Siranged to form a 
circle at that point. A cone deflects the air to tjie flame, whilst a 
cylinder of •porcelain, so placed as to become strongly heated, raises the 
•temperature of the air which is supplied to the flame through the perforated 
chimney. A burner cap limits the outward €noyement of the wick. The 
arrangement of the^lamp is such that the flhme curves inwards instead 
of outwards, so that the wick does not become undmy heated. ^ 
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Hampton and Sons have recently introduced a lamp under the 
of “ The Perpetual Jjamp,” which is designed to obviate the necessity 
frequent replenishing with oil. The base of the lamp forms a receptael^ 
for a week's or month's supply, and is surmounted by a glass ofl-'container 
which ip refilled when necessary by a concealed force-pump.’ 

Joseph Hinks and Son have recently exhibited a new form ‘ of 
pedestal lamp with a capacious reservoir at thJ base, from which the oil is 
automatically raised iv successive quantities^ to a small oil chamber 
immediately below the burner by the intermlttenb^action of an ingeniously 
contrived piecf' of ^echanism driven a Apring. 

Both in this country, and in America, flat-wick burners have until 
within the last few years been far more largely used than Argand or round 
burners, while on the European continent flat- wick burners are*' rarely 
employed. 

The commonest form of German round burner is that which is known 
as the ‘‘ Cosmos.” It has neither the additional inner air-tube nor the 



button, and accordingly it is necessary to use ,with it a chimney much con- 
stricted a short (^stance from the base. Better results, especially t;ith the 
larger sh.es, ara obtained with l^hc. new Argand burners supplied by C. H. 
Stobwasser ana Co., Wild and Wes^l, and Schuster and Baer, under the 
names of the “ Victoria,” the “ Pbcenix,” the “ Moon,” and the “ Helios.’* 

Fig. 230 exhibits the forms of several Russian burners manufactured by 
Kumberg. It will be noted that three of these are to be used without a 
chimney. 

Figs. 231 and 23!^ show the Cliandor lamp (Raffalovich’s Patent No. 6253, 
A.D. 1885) ^ heavy Russian oils. Attached te the collar of the 

reservoir, A, Fig. 231, is a cylinder, or tube ofi large diameter C, open at 
both ends and «.;tbnding nearly to the bottom of the reservoir. Within 
this is the central air-tube E passing through the bottom of the reservoir. 
The burner D, Fi^,. 232, is of the Argand central-draught type^ 

For indicating the oil-level in a lamp reservoir, Waters (Patent No. 781,^ 
A.I). 1889) has introduced several arrangements, one of which is shown in 
^8' 233- When the reservoir is ^led to the proper height, a float rises, 
and a bead d^, supported on a stem, is brought into view. In another 
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arrangement an indicator tablet, earned by a pivoted arm attached to a float, 
is brought opposite an opening when the re- 
servoir is^spfficiently full. The inventor also ‘ 
suggests that th^ float may be secured to a 
band passing round a drum and carrying the 
tablet, or that the bajad jnay pass round a 
dfum which, through the medium of toothed 
gear, turns a disc jna^het^^'fulP’ and “ empty.” 

Fig. « 34 shows 8tobwasser’s arrangement 
for preventing the exterior of thd oi^^a^servoir 
from becoming soi^d with the oil. A layer 
%i of a^compound resembling a mixture of 
gelatin and glycerin is inserted between the 
collai’ k and the plastei’ g which is employed 
to attach the collar to the reservoir. The 
compound is impervious to the oil and arrest?; 
any which fbay have penetrated the plaster. 

Tlie oil which passes along the wick- winder 
s^lrips from a star-shaped wheel t up^ the 
conical surface of the collar, whence it returns 
to the reservoir through the small opening o. 

Addendum. 

Lamps in which a solid or somi-solid pro- 
duct of petroleum or shale oil forms the iilu- 
minant are not included in the heading of 
this chapter, but may be appropriately referred 
to here. 

• "'^oungVs Paraffin Light and Miileral Oil 
Company have introduced a convenient laicp ^ 

for use by miners which is charged withP solid paraffin of low melting 
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is encircled by a ring of copper wire which conducts heat to the paraffin 
in contact with the, wick and maintains it in a state of fusion. 

The Oera Light Company, Limited, have devoted considerably y,ttention 
to the employment of paraffin of low melting point as an^ illuminant, and 
now manufacture ships’ signal lamps for burning this material. The burner 
with which these lamps are fitted is furnished with an air deflecting cone in 
lieu of a chimney, and the heat necessary to maintain the paraffin in a fluid 
condition is conveyed to the reservoir by means' of a copper wire which 01 
bent into a helical form just above the flame 'of tlfte lamp, passes v^ertically 
downwards by the ^ide of the wick-tub^. aiSd terminates in the reservoir in 
a coil of such dimensions as the circumstances under wl^ich the lamp is to 
be used may render desirable. The paraffin used has a melting point of' 
40^^ C. (104" F.). . . 


OHAPTER III. 

The Principles of Construction of Mineral Oil Lamps; Lamp 
Accidents; Prolonged WicR Tube and Safety Cage for pre- 
vention of Explosions. 

Much attention has been directed of recent years to the subject of lamp 
accidents and to the construction of lamps in which mineral oils may be 
safely burned. In 1871, Dr. Chandler of New York published the results 
of a series of experiments chiefly directed to ascertaining the relation 
between the flashing point of the oil and the temperature to which it was 
liable to bo raised in the reservoirs of various lamps in use at that time. 

These experiments are of interest in relatiou to the occurrence of explo- 
sions due to the ignition of a mixture of air and petroleum vapour in the 
lamp reservoir, but, as has been poiifted out by Peckham in his Census 
Report, as well as.by Abel in a lecture delivered in 1875 at the Royal 
Institution, a large proportion df lamp accidents are due to the overturning 
or dropping of the lamp, and not primarily to an exJp^p8ion. 

, The subject of mineral oil lai^p aScidents was experimentally investigated 
by Sir Frederick Abel in association with the writer, and with the assistance 
of Dr. Kellner, and certain definite conclusions were arrived at with respect 
to the immediate causes of lamp explosions. The results were given by Sir 
Frederick Abel in a lecture at the Royal Institution in 1885, and were sub- , 
sequently embodied in a report presented to Her Majesty’s Chief Inspector 
of Explosives in ^890 by Sir Frederick Abel and the writer, on the ’’causes 
of lamp a(8cidehts and the principles of construction which should be adopted 
with a view of preventing such accidents. 

The following is an extract from the report : — 

(а) A large proportion of the accidents occurring in the use of mineral 

oil lamps are not due to the occurrence of explosions in the lamps. Many 
I'ecorded instances of th^ breaking out of a fire, or the destruction of or 
injury to life, which 'are ascribed* to lamp explosions have evidently been 
caused by upsetting or dropping a burning petroleum lamp. The sudden 
cooling of a glass restervoir which has become muf*h heatbd by tlfe burning 
of the lamp mapaiso result in fracture. The substitution of benzoline 
(mineral spirit) for mineral oil has in some cases probably caused the 
accident. ^ 

(б) There are, however, numerous cases of accidents which have un- „ 

doubtedly been due tjo the occurrence of explosions in lamps, and our experi- 
ments have enabled us to arrive at the following conclusions wit^ respect to 
the causes of such explqrious. ' 
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If the lamp be so carried or rapidly moved as to agitate the oil, a 
mixture of vapour and air may make its escape from^the lamp in close 
proximity^ to the flame, and, by becoming igniaed, determine the explosion 
of the mixture existing in the reservoir. This escape may occur through 
the wick-tube its^ if the wick does not fit the holder properly, or through 
openings; of sufficient size to allow flame to pass them readily, which exist 
near the wick-tube in man/ burners. Some lamps have a tube inserted in 
the burner, through which t!he reservoir can be supplied with oil, and if this 
tube be ^ot effectively closed i^ may constitute a channel for the passage of 
flame to the vapour-and-air mixtifre in the reservoir. The existence of an 
imperfectly closed idling aperture in the body or f eservofr of the lamp also 
favours the occurrence of an explosion. A sudden cooling of the lamp, 
resulting from its exposure jio a draught, may give rise tp an inrush of air, 
thereby increasing the explosive character of the mixture of vapour with a 
little air already contained in the reservoir, and the flame of the lamp may 
at the same time be drawn or forced into the air space filled with that 
mixture, especially if the flame has been much reduced in lyze by lowering 
thc^ wick, as the point of combustion is thereby brought nearer to the 
reservoir. -h 

* If the practice is resorted to of blowing down tlie chimney with a view 
to extinguish the lamp, the effects already indicated as producible by expo- 
sure to a draught may be brought about. If the wick be lowered very 
much, or if for some other reason the flame becomes much reduced in size, 
80 that it is burning beneath the dome, the lamp may become much heated, 
and its susceptibility to the eflects described will be increased. Heating of 
the lamp-reservoir is likely to be promoted if the air-passages in the burner 
are obstructed by dirt or charred wick. If the wick is not long enough to 
reach the bottom of th§ oil reservoir, and the lamp is allowed to burn until 
the surface of the oil is scarcely level with the end of the wick, a proper 
supply being therefore no longer fu^mished to the flame, the wick may char 
down to and below the level of the toothed wheels in the wick-tube and 
drop into the reservoir while the upper end is still burning, and may thus 
cause an explosion. The accidental dropping of the still burning wck into 
the oil reservoir, throu^the wick bein^ turned down below the level of the ^ 
toothed wheels in the act of extinguishing tfle lamp, is also a fruitful source * 
of explosions. If the flashing point of the oil used be below the minimum 
(73“ Abel test) fixed by law, and even if it be about that point, or a little 
above it, vapour will be given off comparatively freely, but the mixture of 
petroleum-vapour and air formed in the upper part or the reservoir of the 
lamp will probably be feebly explosive in coAsdquence of the presence of an 
excess of the vapoun On the other hand^ if the flashing pdint of t|^e oil be 
comparatively high the vapour will be less readily or copioiGsly produced, 
and the mixture of vapour and air may be^more violently explosive, because 
the proportion of the former to the latter is likely to be lower, and nearer 
that demanded for the production of a powerfully explosive mixture. If 
the quantity of oil 'in the lamp reservoir be but •small, and the air-space 
consequently large, the ignition of an explosive mixture produced withm 
the lamp will obviously exert miore violent effects than if there be only space 
for a smalk quantity of vi^pour and ai;;, because of the lamp being com- 
paratively full. • % 

Experiments have demon^rated that the burning of an oil of compara- 
tively high flashing point is more likely to cause heating of the lamp than 
the use of aif oil of comparatively low flashing point, in consequence of the 
'higher temperature developed by the former, and of the greater difficulty 
with which some oils of that descriptiefh arefcpnveyed'to the flame by tl^e 
vdek. It therefore fellows that safety in the use of ipineral oil lamps is not 
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to be secured simply by the employment of oils of comparatively bigjh fla^in^ 
point (or low volat’lity), and that the use of such oils may even in certain 
cases give rise to dangers which are small, if not entirely absent, ^th oils of 
comparatively low flashing point. 

The character of the wick materially affects not only the illuminating 
power of the lamp but also its safety. A loosely -plaited wick of long staple 
cotton draws up the oil freely and regularly, even when the supply of the 
liquid in the reservoir becomes almost exhausted, anddittle charring of the 
wick takes place if the oil is of good quality. cBut if the wick be tightly 
plaited, or if it bet^made of short staple cotton of inferior capillary power, the 
oil will be less copiously supplied to the flame, and considerable charring of 
the wick, with largely increased heating of the burner, will ensue. The usvj 
of a wick which has not been thoroughly dried .before immersion in the oil, 
or the capillary power of which has become impaired by prolonged use, may 
bring about the same result. 

Our experiments have also led us to the conclusion that a lamp explosion 
is not usually sufficiently violent to cause the fracture of an ordinary glass 
reservoir, although in several'* recorded cases it has had this effect ; Jjut 
although it may not, the alarm created by the explosion may lead to the 
lamp being dropped if it is being carried at the time, and if the reservoir is 
of glass, fracture will probably ensue and the liberated oil may become 
ignited. 

The following suggestions as to the construction and management of 
mineral oil lamps, founded on recommendations made by Sir Frederick Abel 
and the writer, were formulated and published by the Metropolitan Board 
of Works in 1885. 

1. That portion of the wick which is in the oil reservoir should be en- 

closed in a tub<3 of thin sheet metal, open at the bottom ; or in a cylinder of 
fine wire gauze, such as is used in miners’ safety lamps (28 meshes to one 
inch). ^ ^ 

2. The oil reservoir should be of metal, rather than of china or glass. 

3. The oil reservoir should' have no feeding-place or opening other than 
the opening into which the upper ^art of the lamp is screwed. 

4. Every lamp should have^a ptoper extingnisilihg apparatus. 

5. Every ‘lamp should have a broad and heauy base. 

6. Wicks should be soft, and not tightly plaited 

7. Wicks should be dried at the fire before being put into lamps. 

8. Wicks should be only just long enough to reach the bottom of the oil 
reservoir. 

9. Wicks should be so wide'that they quite fill the wick-holder without 
having ^0 be squeezed into it. • 

10. Wickd’ishould be soaked with oil before boing lit. 

11. The reservoir should be cjuite filled with oil every time before using 
the lamp. 

12. The lamp should be kept thoroughly clean, all oil should be care- 
fully wiped off, and all Charred wick and dirt removed before lighting. 

13. When the lamp is lit the wick should be at first turned down, and then 

slowly raised. *' 

14. Lamps whibh have no extinguishing apparatus should- put out as 
follows : — The wick should be turned down ur^til there is only a small flicker- 
ing flame, and a sharp puff of breath should then be sent across the top of 
the chimney, but hot d^n it. 

15. Cans or bottles'used for oil should be free from water and dirt, and 
should be kept thoroughly closed. 

- In a lecture delivered ,ui 188$, before the Prussian Industrial Society, 
on experiments model by. the German Standards Commission, Lr. I'o^ 
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stated that the pressure resulting from the explosion of a mixture of 
petroleum vapour and air in a closed vessel might be |s high as fourteen 
atmospheres^ (210 lbs* per square inch), * 
the most ^violent explosions apparently Fio. 235. 

occurring at about 8“ 0 . (14.4° F.) above 
the flashing point of the oil. The results 
of the experiments led hiin, hhwever, to the 
coticlusion that the risk of ffacture of the 
oil re8erv|>ir by explosionVvas ^eiy small, 
owing to the pressure being %?elioved 
through the wick-^ube, even a cracked 
wseivoir withstanding the pressure. He 
attiibuted the cracking of glass reservoirs 
to the heating of the wick-holder fifcm the 
ignition of the vapour driven off by the 
heating of the oil, and recommend^ the 
use of metallic or other unbreakable reser- 
voiT;^. 

The actual amount of light obtained 
b/the combustion of the same quantity • 

of oil in different lamps varies co.isidembly, Argand burners almost in- 
variably giving more light than iiat-wick burners. Thus the minimum 
consumption of oil per candle-light per hour in the case of flat- wick burners 

is ordinarily about 50 grains as 
Fig. 236. compared with about 41 grains 

in the case of Argand burners. 

As the result of an extended 
series of photometric experiments 
made by the writer, in conjunc- 
tion with Mr. T. Horne Redwood 
ii> 1879, it was found that with 
the principal forms of lamps then 
in use, the consumptioji of oil 
ranged from about 45 grains to 
(55 grains per candle-light per* 
hour, whilst a series of not 
strictly comparable experiments 
made mor^p recently with the as- 
sistance of Mr. Robert Redwood, 
Exhibit a range from about 41 
gitiins to over 70 j^rains^ 

The diminutidh of luminosity 
noticed during the use of lamps, 
may be due to the bad quality of 
the oil, or to the use^f an in- 
ferior wick or to a reservoir in 
which the depression of the le^^l 
of the oilWomes tfio great for 
the capillary*power of the wick, 
but may alscf 1» due to the im- 
perfect construction or defective 
condition of the burner. 

To prevent the coipmnnic^tion of flame to an inflammable or ^plosive mix- 
ture of petrolpum vapour and air in the qil resgrvoir the ymter hiw suggested 
the employment of a wire gauze cage or cylinder enclosing the wick, Fig. 235. 
This arrangement hai^een applied to the ** Duplex ” lamps of Hinks and Son. 
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A similar purpose is intended to be served by the prolonged wick-tube^ 
the lamps of Defries, Fig. 2XJ (p. 276), Walsh, Fig. 236 (Patent i?o 
6858, A.D. 1885), Crowley (Patent No. 7271, a.d. 1887), Sherring, Fig. 23^ 
(Patent No. 4997, a.I). 1887), and Johnson (Patent No. 6610, a.d. 1887), 

In Walsh’s lamp, Fig. 236, the wick-tube may be straight or curved al 
the end as shown, whilst in Johnson’s lamp the bent portion is *prolonge(] 
nearly to the top of the reservoir. Crowley^s wick-tube is made in twc 
telescoping pieces, and thus admits of adjustment according to the depth' d 
the reservoir, . It is closed at the bottom, and iias a small opening neai 
the lower end for admitting oil to thft^,wifik. 

In Sherring’s^ Victoria Safety Lamp,” Fig. 237, tl^ue air passes to the 


Fig. 237. 



burner partly through an air-space G, formed over the top of the reservoir, 
and the burner is attacl^d to a tube J, which is designed to prevent outflow 
of the oil in the event of the lamp being overturned. 

In the Defries Artisan ” lamp, the wick is enclosed in a tube sur- 
rounded by porous material. ' 

In the Protector Safety” lanfp, Fig. 238, entroduW b^ the Protector 
Lamp and Lighting Company, a permanent wick supplies the oil to a piece 
of cotton-wool for^ngtbe burner proper, which is renewed when it becomes 
charred. When lighb^ and put together, this lamp is automatically locked, 
and the flame cannot bb exposed,” for on opeping. the lamp by unscrewing 
the base, the burning wick is dravrn through a sheath, and tl^e flame is ex- 
tinguished. The flame is "protected by a glass cylinder as shown in the 
migration. ‘ ' 
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CHAPTER IV. 

Air Supply ; tlie Production, Begulatiou and Direction of the Air- 
^ Currents. — Chimneys, ^clockwork-driven Fan, secondary Damp, 
independent Air Suf>ply« — Domes and Air-diffUsers. 

The supply of air in regulated quantiii^ and its proper ^tributiou to the 
flame, though a very important feature of lamps* for use with fixed oils, 
r 45 ^uire s^ill more attention in the case of mineral oil lamps, on account of 
the higher volatility of the* illumipant, and of Ihe lai*|er percentage of 
carbon present in it, which increases the tendency to the production of 
smoke. 

The an^angements adopted for furnishing* the flame with air in the 
former class ‘of lamps have been fully described in the first chapter; 
whilst those which are peculiar to mineral oif lamps have been largely dealt 
witji in Chapter II. (p. 265 et seq,). RefeI*hnoe should therefore be made to 
thos(^ chapters fdr further information in relation to many of the arrange- 
ments touched upon below. 

Although the use of chimneys had been previously proposed by Quinquet, 
the advantages derivable from the proper supply of aii^to the flame do not 
appear to have been distinctly recognised before the introduction of the 
Ai’gand burner in 1784. In this burner, a tubular wick was substituted for 
the solid cylindrical wick previously employed, and an interior as well as 
exterior current of air was directed upon the flame. 

This invention was foHowed.by improvements in the form of the chimney; 
by the introduction of the “ Liverpool button,” and many other devices for 
deflecting and distributing the central air-current of an Argand burner so 
as to bring it into contact with the inner suif.tce of the flame ; and by the 
employment of various forms of domes ^suitfVble for use with flat-flame 
buniers. The object of improveme|its was the production of a’steady 
smokeless flame of enhanced Juminosity. 1 

Although most lamps depend for their supply of air solely on the cun*ent 
induced by the heated chimney, various other arrangements for furnisliing 
the necessary draught have from time to time been suggested. Thus an air- 
ciirrent has been produced by the use of a clockwork-driven fan or a 
secondary lamp inserted in the base of the lamp, or the action of the chimney 
has been intensified by the introduction of a Mast. In other ipstances, the 
burner has been supplied with air undei* pressure from a^ independent 
source. • 

The chimney originally employed by Argand was of iron. This was soon 
replaced by a cylinder of glass, which was afterwards contracted or shouldered 
with the view of cai3sing the air-c\irrent to impinge japon the flam 5 . This 
important improvement has "beeii variously attributed to Lange and t(^ 
Smothurst (Patent No. 2652, a,d. 1802), although shouTdered chimneys are 
shown in iliustratidhs of lamps 'used in France during the period of the 
Revolution.* • * • • 

Chimneys with two constKictions have also been emplo^d, and a tele- 
scopic chimney was used by Samuel Highley in his Optical^Lantern Lamp. 

Fig. 239 r^resonts various forms of glass chimneys now m use. Chimneys 
qf mica, which withs^d sudden changei? of temperature, whilst almost 
equalling glass^in transparency, are also m§de. • 

For the Bayle chimney, Fig. 240 (p. 293), whicfi consists of a cylinder O,* 
surmounted by two truficated cones A B, B C, meeting at their smaller ends, it 
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ig claimed that the outer air-current entering betjtreen the * 
glass and the wick-tube of an Argand burner, is caused to 
pass upwards with the same velocity as that of the air sup- 
plied to the interior of the flame. 

• Fig. 241. 




Fic. 242. 


Among the many pi’eviously described air-diflfusers and 
burner-domes, which have been introduced for supplementing 
the action of the chimney, attention may be again directed to the inventions 
of Thomas Young, Fig. 17 1 ; Roberts, Fi^. 

182, 183, 200, and 201 ; and llinks. Fig. 

203 ; together with the Champion burner of 
iliigg, Figs. 212 to 215; the Doty triplex 
burner, Figs. 210 and 211; the Silber buAier, 

Fig. 209 ; the Defries (Sepulchi*e) burner. 

Figs. 217 and 218; the Rochester burner, • 

Fig. 223 ; and the burppr of the Lampe 
‘ ‘ Yeritas,” Fig. 222; whilst in the case of the , 

Anucapnic, and Lome buyers of Rowatt 
and Sons, Figs. 204 and 205, the double 
domes may be regarded as substitutes for 
the ordinary chimney. . 

Thejdeflector patented by Sir James 
Douglass in 1881, and largely employed 
in lighthouse lamps, consists of a tripte 
cone, so arranged as to direct the air upon 
the flame at three diflferent heights. • 

In the “ Libgeoise ” lamp, Fig. 241, the 
outer air-cuiTent passes through a giating 
2 in the chimney gallery, and through a 
gauze disc i, while the inner a^-current i 5 
distributed Jby a defector a. 

In the* clumne^ess ** Wanzer ’’ laiAp, 

Fig. 242, the air-current is cseated by a fan 
E, driven by clockwork A, and passes to 
the burner through the space 0 between 
d/he reservoir F and the outeis casing. * 

A clockwork-driven fan is also similarly 
employed in the ^ Hitchcock ” lamp, 
formerly known as the “ Empress.” 
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' The supplying of air or oxygen to the flame by the use of a fan or blow^% 
driven by clockwork or otherwise, or from a reservoir, had, however, been 
proposed as early afe 1840 by, Halpin (Patent No. 8689). 


Fig. 243- 





Fig. 243 shows an arrangement patented by Lavdnder (No. 3797, A.D. 
1875) for creating the nceefskry diaiight in a lamp or lanterti by a jet of ' 
steam /, 'or of compressed air. In the lamp shown, Mrhich was obviously 
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intended for use with heavy oils, a branch from the steam pi]^ passes * 
through the reservoir E to warm the oil. 

• An ingjenious arrangement proposed by Rat* in i86i for producing an 
air-currenS* Uy the use of a small supplementary flame at the base of the 
lamp, is represente *4 in Fig. 194, and has been previously described (p. 261). 

In the ‘Ross lighting system, Fig- 244, patented by Ross ^d Nolan in 

* 1885 (No. 2022), no chimney*i8 used, the satisfactory combustion of the oil 
beihg efiected and steacHn^ of the flame attained by the use of an 

• * VjG. 244. 



independent supply of air under pressure. The burner is fed with oil from 
a reservoir D, which is automatically replenished from a tank serving for 
the whole of the lamps in a system. ThS supply of oil is r^egulated by a 
float 1 , which closes fhe valve H wheri^ thf^ reservoir is charged. JThe air 
supply travels round the reservoir D and the oil tube B, a? shown by the 
arrows, and passes through a gauze ring Sf which distributes it regularly to 
the flame. 


^ CHAPTER 

Lamp Wioks, their IKanufaoture. — InoombustiJ>le Wicka. — 

Arrangements for raising the Wick. 

• 

The earlier History of lamp-wicks of co^ion or oilier material, has been 
§iven in Chapter I. (p. !!43), whilst numereus methods of arranging the wic^s, 
and means foi* raising them, have been dftjcribed^in that*and the succeeding 
<;hapters. • 
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Dittmar and several others have employed a short bnmer'widc suppil^ 
with oil oy anothe^ wick which passes into the reservdr. This arrangement 
is specially applicable when the upper wick is of some incombustible* 
material. 

The capillary attraction exerted by the wick is largely dependent on its 
quality, a wick of long staple cotton loosely woven giving far better results 
than one of short staple cotton tightly wove’n. Thus, wicks of the same 
width in ordinary use .have, when tested by tile writer, been found to diiier 
in the proportion of 198 to 76 in respect to the quantity of oil Yhich they 
are capable of raising under similar conditions. The capillary power of the 
wick is considerably impaired by the presence of moij»ture in the cotton, 
and as wicks are found to absorb water from the atmosphere to tl^e extent 
of from 4 to 6 peri cent, of their weight, it follows that they should be care- 
fully dried immediately before they are placed in the oil. There appeals to 
be reason to believe that the “ choking ” of a wick, which occasionally occurs 
during prolonged use, may, at any rate in some cases, be due to the deposi- 
,tion of water in it, for Nakamura has found tliat a choked 
wick recovers itc capillary power on drying. 

Several descripliftons of incombustible wicks have been in- 
troduced. As already mentioned, the wicks of the lamps em- 
ployed by the Vestal Virgins are said to have consisted of 
asbestos, whilst wicks of asbestos or of gold, silver, iron, or 
other metal in the form of wire were proposed as early as 
1684 by Plot {uide Chapter I., p. 263). Wicks of platinum, 
gold, silver, or copper drawn into tine threads, or of glass 
drawn into capillaiy tubes and bound into a compact bundle, 
were patented in 1822 by A. and B. Gordon (Patent No. 
4638), and the use of cane or p9rou8 wood or asbestos in 1845 
by Roberts (Patent No. 10,842). 

The wick patented iij 1876 and 1877 by Heinrichs, Ifig. 
245., consisted of a lower portion of felt, an intermediate 
portion of mineral substance, and an asbestos tip or ring 
forming the burner.' 

Tn the 8pecificati6n of an asbentos* wick patented by FIat!:-u ^ 
and Turner (No! 12,146, a.d. 1884), one claim of the inventors 
is for the division of the wick into two portions, one of which 
can be moved up or down so as to be put into or out of 
contact, with the other portion. The inventors appear to 
prefer that the upper part of the asbestos, wick should be a fixture in the 
wick- tube, and that the lower part should be moved out of contocf'with the 
upper part when it is desired to esctinguish the lamp. ' 

The “ Phcftnix Perpetual ” laipp* wick is prepared by treating the upper 
end of a. cotton wick for a distauiCe of about an inch with an incombustible 
material. 

The indestructible' wick patented by Webb (Patent Np. 13,324, a.d. 1885) 
is composed of a mixlui^e of asbestos, silver sjlnd, red-lead, and borax, with 
a^^portion of powdered pumice if ^desired. The mixture is ground to a paste, 
dried, mouided and baked at a red-heat. These wicks *taiay be used alone, 
or may be fastened to an ordinary *3otton wick ]vhich forms the 'ieeder. 

In a patent,<t«dcen out by Varley and Gooch (No. 3865, a.d. 1888), and 
based on the above, the burning surface of the wick is proposed to be in- 
creased by means 'of perforations, saw-cuts, &c., and the wicks are described 
as thickened at the base so as to be more readily fixed fluid-tight in th^ 
burner by removajile washers and collars. The refractory nature of the . 
wick is stated to admit of ‘tbe‘lamp''being used on the regenerative principle. * 
The size of the flam^ is .varied by the use of a sliding sleeve or coUar over , 
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end of the wide. Instead of using the above mixture, the wicks inay be* 
made of porous clay, or of a mixture of clay and magnesia or rdttenstcme 
^ i*endered yefractory, or of natural porous stone, ^uch as sJindstone or pumioa 
Under a patent of Grooch, Varley and Lidstone (No. 5214, a.d. 1888), a 
mixture of finely spowdered sand, asbestos, boi-ax, and i-ed-lead in stat^ 
proportions is heated to dull redness to effect a partial fusion, again powdered, 
and then heated to bright; redness in a mould. Clay, rottenstone, and 
emery or corundum may be ^sed with or instead oj the sand or asb^tos, 
and glasg or other flux may replace the borax and lead oxides. Another 
patent by the same inventors (W. 5413, a.d. t 888), includes special forms 
of holders for these^ wicks. ^ ^ 0 

• Bo^dini and Tubini have patented (No. 10,502, A.D. 1887) a descrip- 
tion of incombxistible wick in which the end or# tip of , an ordinai-y cotton 
wick is protected by enveloping it in a capsule or sheath of wire gauze 
or perforated sheet metal. Sometimes a (impound wick formed of thin 
wicks separated by strips of sheet metal is .employed, and sometimes the 
“ burner” portion of the wick consists of 
asbestos which partially fills the sheath 
and upon which the cotton wick, whicK 
ptisses into the#reservoir, abuts. 

In Phillips’ “Shaftesbury indicating” 
wick, the upper portion has an inscription 
printed upon it, and the wick is intended 
to be replaced by a fresh one when the 
printed portion is consumed. 

In the “A laddin ” burner, Fig. 246, an 
endless wick turned on the jack-towel 
principle by a suitably arrangement, is 
employed, the flame burning on the sur- 
f[¥!e of the fold, .so that the necessjty or 
trimming is obviated,* 

In ordinary lamps, the wick is mined 
or lowered by the action of toothed wheds 
jessing lightly againal)»ft.,,the revolution 

of the wheels being effected by turning a / . • 

milled head or button on a spindle carrying them. In some instances, how- 
ever, the wick is held in a tube or fmme which is raised or lowered by a rack 
^nd pinion or by a worm cut on the burner tube and actuated by revolving 
the burner, or, as in the “ Rochester” lamp described in Chapter II. (p. 279), 
by mealks of a vertical rod attached to the* wick frame. As already men- 
tioned, the rigid rod has, in another form#of lamp, been rejfiaoed by a flexible 
spiral wire, such as is employed in a fientisFs drilling machine. ' 



Manufacture of Wicks. — Considerable attention has for some years 
been paid in the tlnited States to the construction of wicks, and^the writer 
has inspected the process of*manufacture at a factery in Troy. The various 

• An Argand-burucr lamp has recently bi'eu introduced under^the name of the “ MilKon 
bainp/' in which the ffombustiou of fhe oil takea place from thrf inner surface of the tubular 
wick and n(Jl as asiml fiatm its uwer edge The outer wiok-tube of fhe burner of this lamp is 
provided with a ring or rim at tnf top, so that the whole of the exterior of the wick and also its 

S er edge is completely protected Ironi t,h>' flame, as in trin»ming tHb kmp the wick is drawn 
tly against this rim. Within the wick is another closely fitting tm>e to which a vortical 
movement is imparted by a lever or key working in an inclined slot, d by im^ans of this tube 
the extent of inner surface of the wick exposed can be regulated, and the size of the flame 
adjusted. The tube can jlso \>y means of the levef be raistMl until its upper end comes into 
contact with the projwting rim oftlie burner tube already referred to ; the wick is then entirely 
enclosed between the inner and outer tubes, and the lamp is extinguished. The burner is so 
constructed that no outflaw of oil occurs when the lamp 1# oVert|jraed or even when it is oom- 
pletely inverted. The lamp is furnished with an oil reservoir of metal. 
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^operations in the order ^in which the cotton is subjected to them w 
termed opening; (2) lapping; (3) carding; (4) ml way drawing ; 

doubling and first drawing; (6) doubling and second drawing; (7) slubbing 
and roving; (8) speeder-roving; (9) spinning; and (lo) twistingj to make 
the yams ready for the looms. ^ 

Mr. Herbert Morgan, of the firm of Joseph Morgan and Son, of Man> 
Chester, who manufactum mineral oil lamp wioks more largely than any • 
other firm in this country, has supplied the writer witji the following parti* 
culars of the various prbcesses through which the Cotton is passed. 

“ The raw Cotton employed in the coj;jstruction of a wick shdold be a 
good quality of An^ican, carefully seltcted and of long staple. The length 
of the staple forms a vefy important feature, as this*' to a large extend 
governs its capilla^ attraption. The cotton should be spun into What is 
known fis coarse counts, because it can^ be ea^ly understood that a fine 
thread cannot draw the oil with anything like the same power that a coarse 
loose thread can. When spinping, great care must also be taken to see that 
only sufficient twist is put into the yarn to enable it to pass fhrough the 
succeeding processes, as all twisj) over and above this necessary quantity will 
be detrimental to its burning powe|:. Hero, again, the benefit of the long 
staple is at once evident. A short-staple cotton must r equire extra twist to 
give it sufficient strengtn to make up for its deficiency in staple, whereas 
the long staple cotton will have the required strength with the minimum of 
twist. After we have got the raw cotton into the single yarn, it must be 
doubled into its requiiAte number of folds, two, throe, or more ends as the 
case may be, and here again great care is required in the doubling process 
to prevent undue twist, for the siime rule applies exactly in this process as 
in the spinning process. If more twist is put into the yarn in its doubled 
state than is required to pass it through the weaving process which imme- 
diately follows, this excess of twist will injure the quality. 

“We have now got the cotton in^o the doubled state ready for being 
made into warp, and here we will more ‘fully explain the component pafts 
of a wick, so that their technical terms may be clearly understood. There 
are two recognised ways of manufacturing a wick ; the easier one of the two, 
and the bne generally adopted, is to rnake a wick of jjtaly three distinct parts^ 

* First of all the ‘ warp,* which means the coars^ threads running perpen- 
dicularly through the wick and seen distinctly on the outside. Next the 
very fine threads of cotton passing through the centre of the wick, which 
work from top to bottom and bind the two surfaces of the wick together. 

If the wick were woven without these ‘ binders,* it would be simply a circulai'" 
wick and not flat. Next we cqme to the ‘weft,* which is the fin^^ cross- 
threads in the. wvjk, seen on the surface, passing under ^nd over the warp, 
holding fthe warp- threads and bifidevs in their proper position, and this 
completes the construction of an ordinary wick. " 

“ The second mode of manufacturing a wick is exactly as already stated, 
but with one addition, and this we take to be a most important part of a 
really good wick. In^ad^dition to the binders, which wcr have said before 
pass through the centre of the wick and hold the top and bottom together, 
are placed what are kpown as ‘ gut * threads. These threads run perfectly 
straight through thp centre of the wick in the same direction^ as ,the waap- 
threads, but are not crossed or interfered with fn any way, either by the 
weft or the bind^. They can be drawn out 'from the wick without any 
perceptible difference being made in its external appearance, showing that 
although they form part of the wick, they are totally distinct and indepen- « 
dent of it. In the ‘ duplex ’ size, ^hich is perhaps the .one most universally ^ 
known, the numbenof gut e^jis slw^uld be twelve. We claim for these gut 
threads that, as they pass direct from the oil to thp flame without any 
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^^pediment whatev^, they must prove a most important auxiliary to the* 
ch.pillarity of the wick and materi^ly assist its burning power. * 

“ 7'he weft employed in wick-making should also iieceive careful atten- 
tion^ and be made from a good quality of single cotton, two or more fold ; 
hard twisted yalgi,* such as is often employed, being highly detrimental to 
the free flow of the oil. The weft is easily seen, as already indicated, on 
the surface of the wick as^it crosses the warp-threads, and the number of 
•these cross-threads per inch should not exceed thirteen, except in the case 
of very broad wiCks, althoiigH in some samples we have seen sixteen, and 
even mflre are put in, but these are unnecessary and only retard the flow of 
oil to the flame. In constructing d wick, it is only necessary to make it 
^of sufficient firmness to wind properly, and when you have got the re- 
quired resisting power to {he rack, all over that is detri|nental, and not one 
pick of weft over the number whic 4 i is absolutely necessary should be inserted. 

“ But to return to the warping process. This there is nothing special 
about, as the cotton has simply to be put together in warp of the required 
number oi^ ends, to make the width of wick wanted. The warp, when 
made, is taken to the loom and woven intp wick. After the wick leaves 
the loom, a most important process should take place, as on this depends, to 
very large extent, whether you will reap the full benefit of the care already 
bestowed on tne wick in its manuf leture. We refer to the bfjiling process. 


It will be seen that in the number of processes through which the cotton 
is compelled to pass from its raw state until it appears as a woven wick, 
there must of necessity pass into it a considerable amount of impurity. 
This it is quite impossible to avoid, seeing that it goes through no less than 
twelve distinct preparations. These imparities consist in the natural oil 
of the cotton and particles of dust and dirt which are alvrays flying about 
machinery when in motion, and should without doubt be entire^ removed 
before the wick is to perform its duty in the lamp, and they must be 
removed in such a way as not to \njure in any degree the cotton of which 
fhe wick is made. It will readily be seen that the wick really acts as a 
filter through which the oil must pass on it^ way to the ■flame, and unless a 
wick is free from impurities to begin with, it is utterly impossible for it to 
uerform its duty pi1:jperly. If in this boiling process chemicals of any 
description are used, eithpr to improve thQ*colour of the wick or to act mor® 
stringently upon it, just to that extent will the fibre of the cotton be 
injured and its burning power reduced. Bv continued experiments and 
practice, it has been found that a wick boiled in pui'e spring water gives the 
• best result. The impurities of the wick will during this process pass into 
the water, and, to a certain dxtent, dis(^oI«:?iir*it and float upon the surface. 
After this boiling bath, which varies in juration according t# circumstances, 
the wick should be thoroiighly rinsed in cold water, and jjhen pit into a 
hydro- extractor before being removed to hot closets heated to about 130“ F. 
It is kept at this temperature until per^tly dry and without a particle of 
moisture remaining in it. The only process that now remains to^be done is 
to make the wick up into i*equired state for the market, either in rolls or 
in cut lengths, and it is now ready for 111^. • • 

“Perhaps it ■^11 be interesting to mention, in detail and briefly, each of 
the sepajrat^ processes through whicl^ the cotton passes during its course 
of manufacture. We firsf of all have the cotton in its itiw state as received 
in the bale from America,* * The machine it enters flrst 3 called an opmer, 
for breaking up the cakes into which the cotton has been formed by the 
pressure o^ the hydraulic packing, "^^hen thk is done, it passes to a 
' machine called the««jtAte^, which removes the sand and seed, and then 
coils the cotton into the form of a lap ready fqr the laext process, tern^ 
ccvrding^ This removes the lighter vegetable matteite such as broken seedsy 
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^ead leav^ and motes, and also disentangles the knotted fibres, and ddive^ 
the clean cotton ii^to a can ready for ihe drawing-fmimy through whidn 
it next has to pass. By passing through this machine, the cotton gains 
much greater regularity and uniformity of weight. next dome to the 
dvhhing-framCy which receives the cans of cotton from the' drawing-frame ; 
these are passed without doubling through this frame, being drawn out to 
four or five times their original length, and afteTr being slightly twisted arc 
wound on to bobbins. ,To give the cotton greater regularity and finish, it 
next passes through what is called the internlediaie framCy which is a repe- 
tition of the process of the slubbing-framet The bobbins from this inter- 
mediate frame are tt^en pas^d on to the roving-frame^ which draws off two 
bobbins together and forms a roving about two-thirds the thickness of the* 
slubbing. It here receives a further small amoput of twist and paWs on 
to the roving bobbin. The roving bobbiris are then placed in the creel of 
the mule and passed through the rollers without doubling, but with a 
draught of alx)ut eight to one, which means that the yam is drawn out to 
the extent of alK)ut eight times its original length, producing a* thread one- 
eighth of the thickness of the roving, and here it receives the amount , of 
twist required for the purpose iqr which the yarn is intended, and on 
leaving the rollers is wound on to the spindle in the form pf a cop which 
constitutes a perfect yarn in the single state. These cops are in their 
turn taken to the doubling frame to be doubled two, three, or more ends 
together as may be r^equired. This doubled yarn is then taken to the 
warping-frame, and the requisite number of ends being put together for 
whatever width of wick may be required, is then made into the warp, the 
warp being taken to the loom, where it gets woven together with the binder, 
gut, and weft ; these four uniting in this weaving process, and forming a 
perfect wi^k.” ^ 


, CHAPTER VI. 

Independent Oil Supply, ^nd modern arjangements for 
* maintenanoeg of constant Oil-level. ^ ’ 

Vaeious ingenious arrangements were introduced at an early date for 
preserving approximate uniformity in the level of the oil in the reservoir, 
by the use of a supplem^utary reservoir or otherwise, and thus preventing 
any increase in the demand ^ on the capillary action of the wick. These 
arrangements, many of which hkve been described in Chapter I., wbre par- 
ticularly useful wlaen the coiuparatdvely viscous fixed oils were employed for 
illuminafing purposes, but some of t-h^m have been adapted to the modern 
petroleum lamp. v 

Thus, the “ bird-fountain ” principle s employed in what is known as the 
reading-laimp, for use with petroleum, while the “ Oarcel/' or “ Moderator ” 
system has been adopted ‘in the lamps of Peiglxiet-Changeur, Eig. 225, and 
of 'Aria, Figs. 226 to *228; also in* a lamp recently introduced by Hinks. 

In the “'well and b'Ucket” lamp of Hinks, the oil container from which 
the wick draws its Supply, can be caused to descend into a well of reservoir 
forming the base^pf'the lamp, and can thus be yenlled. 

In the “ Pneumatic ” lamp of Hefries and Feeny, Fig. 247 (Patent No. 
7782, A.D. 1887, afid No. 6868, a.d. 1888), the oil is supplied to the wick- 
tube from a raised' reservoir by a tube O', which opens into an*^air chamber 
B in the reservoir and communicates with the wick-fube through perfora- 
tions in the lower part of plate /. The oil passes into thb chamber B 
through 'the channel 'E', and gains access to the tubeC through the.orifio© 
E* The tube G formi part of Ihe air chajnber, and the oil flows to the wick- 
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until the level therein is as high above the perforations in the plate JC 
the oil in the reservoir is above the opening E. Thjs arrangement thus 
permits the descept of the oil as fast as it is (consumed. Various modifioar, 
tions, such* as the ^bending of the upper end of the tube C into a siphon, 
may be used in lieu of the chamber B. 

Fig. *248 shows a lamp patented. by T. and E. Penn (No. 10,892, a.d. 1889) 
which is intended for bumihg heavy oils. The wick-tube a has a perforation 
hr perforations covened with fustian or other absorbent material d, enclosed 
by an outer casing { 7 , toVhich pass tubes D D\ The part qf the wick within 
the reservoir is entirely encl(y id Iw a tube a® closed below, so that the 
wick is fed by thq fustian, which again is supplied through the tubes D D\ 
cvThe flow of oil in these tubes is started when the lamp is lighted, by a few 
strokes of a small pump or by the use of some alternative arrangement, 
such as a collapsible vessel 
extended by a spring. The oil 
continues to flow automatic- 
ally as fast «LS it is consumed. 

^ Several inventors have in- 
troduced arrangements by 
which the various lamps 
throughout a dwelling or in 
an outdoor or other lighting 
system, may be continuously 
supplied with oil from a single 
reservoir. Thus, the an^ange- 
ment previously described in 
connection with the burner il- 
lustmted in Fig. 207 (p. 27;^), 
was introduced in 1867 by 
};$rash and Young, and the 
“ Ross ” system. Fig. 244, in 
1885 by Ross and Nolan, 

Defries has also patented a 
•onethod of arriving ,the 
same result. • 

In Silber’s system, de- 
scribed in the Journal of the 
,, Society of Arts for December 
23, 1870, and represented ip 
Figs. %49 and 250, each floor 
X Y of a bouse is* fitted with 
a reseiwoir H, which supplies 
all the lamps on its leyel. 

Each reservoir has a chamber 
F at the back, Vhich is re- 
plenished from an overhead tank serving for the*whole system, and a sup- 
plementary reservoir D, imbedded in th« ground, is *provided to receiv<f the 
oil in case of fit^. Each reservoir has an overflow pipe, and* is fitted with 
a float Which opens a cocfe when the oil-level falls, and causes the entrance 
of a further supply. «, * \ 

The system patented by T. and A. E. Penn (No. 8882, A.i>. 1888, and 
No. 8389, A.D. 1889), comprises the supply of the oil tWthe various lamps of 
a system through pipes, similarly to gas, with* various arrangements^ of 
automatically controlled valves. Fig. 251 shows on^ method of applying 
this invention to a double pendant lamp. *llhe oi^ flows through a tube / 
traversing the steurf of the pendant, and through an inclined passage Q and 
a horizontal passage into a cljp.mber, whence it ij( distributed to the twip 
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‘ lamps by tubes R, The flow of the oil is conWled by a valve vrhkhjs 
opened aL soon as the consumption causes the descent of a float In ^ 
case of single burners, the regulating arrangements are fitted in the 
reservoir of the lamp itself, the float being preferably annular iu the case 
of central-draught burners. , 

In a modification, an inner vessel constituting the float, is so constructed 
as to serve as a reservoir for the oil, into which the wick dips, a valve 
opening for the admission of oil to an outer iressel as the buoyancy of the 
inner floating chamber' is increased by the cOiisunl^tion of its contents. The 
oil which thus 'gains access, overflows into, the inner vessel until thd increased 
weight closes the Vyalve. • 


Fig. 252. 



Tim FenW system (Patents No. 3067, a.d. 1887, No. 7616, a.d. 1888, 
and No. 12,345, a.d. 1888) for regulating the supply of oil from a raised 
tank to a lamp reservoii’, depends for its action on the balancing of the pr^ 
sure of the oil in the supply tube 0 , Fig. 252, by a short column of a heavier 
liquid, shch as mercury. In the arrangement shown, the tube 0 dips into mer- 
cury contained in a vessel if, suspended from ‘a lever which carries afloat F, 
resting upon the oif in the reserVoir, the exit Pleading to the lamp or lamps. 
When the oil flows too freely, the float lifts the vessel if that the increa^, 
immersion of the tube in the mercury checks tin supply, whHst, 6n the othet 
hand, if the cot'isumption exceeds the supply, the descent of the vessel M 
permits of a greater flow. The inventor describes several alternative auto- 
matic and other arrangements for regulating the flow. The requisite head 
of .oil for supplying a whole system of laa\ps on different levels may 
obtained by the aid of a heafi of ijrater. ^ 
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CHAPTER Vn. . 

Extinguisliing Appliances. — Automatic Extinguishers. — Elevating 
,Ga^ery for Lighting. 

It is now usual to fi,t the l^g 5 r Jjurners with some description of extinguish- 
ing appar£|^us. The earliest form of extinguisher appears to have been that 
which was employed in th*e improved ‘i'Brighton” burner, patented in 1862. 
This burner has an iiir-deflector or button, the stem of vfhich rests upon a 
phi passyig horizontally through the burner. On withdrawing the pin the 
button drops on the wick and extyiguishes the flame. 'In the ‘‘ Water- 
bury ” burner, the dropping of the button is also effected by the drawing out 
of a pin, but on the pin being released the action compresses a spring and the 
button resumes its normal position. The buttofl-extinguisher of the “ Star” 
lamp is brought into action by depressing a thumb- plate, and iit this case also 
the button returns to its original position whdn the pressure is removed. 


* Fig. 254. 



• Automatic Extinguishers.— A large number ♦ of automatic extin- 
guishers, some of which may als® be operated by* hand, have been introduced. 
^8* ?53 shows one of the arrangements fitted to the “ Duplex;” burners of 
Joseph Hinkf^ and Son. It consists of ^wo’plates having slots^ in whiph the 
forked end B of a lever work.^. At the opposite end, the lever terminates in 
a ring, within which a weight is suspondetf. While the lamp is burning, 
the plates or shutter^ are held apart by a catch, but upon the laiijp being 
tilted the upper part> of the suspend«^d weight is lu^cyight into contact with 
the ringed end of the lever in such manner that the catcl^is released and th§ 
plates close upon the wicks by tli# action of* springs. The lamp i^j similarly 
eirtinguished when tlie weight is lifted by hand. In a modification of this, 
Kg. 254, the spting ’d^hich ctesos the extingui.sher-plates isj released through 
the medium of the pivoted hooked lever A, In one of the ‘^luplex ” lamps 
of Wright and Butler, the extinguisher is automatically brought into action 
soon as a ^veighted rod suspended beneath the burner passes to any 
ijiaterial extent out of 9. line perpendicular lo the base of the lamp. 

Bowdall’s t^utomatic extinguisher (Patent Np. 1^,957, i\.d. 1890) consists 
of a top-heavy hollow cap, having an opening at the top, correspoiflling with* 
the size and shape of tne wick-tube, which it encircles. The extinguisher, ^ 



AUTOMATMJ 

-.» Tlie unettlng or inclination of tke latnp causes the weight e to lift th 

have . , ’ , ■ -y^heii the lamp is tilted, the weight turns the 

r^fso tliat the cam-plate separates the arms e e', and thus closes the ex- 
« Fig. 256. 



tineuisher. The lamp'may similarly extinguished hy 

The base of the lamp is prefelably shaped elhptically. so that thd 1 ®™P> 

upsetXli fekUpLhapodtion.that the ^d p it horizontal and the 

7* exhibits the MtmguEshing appliance fitted to the “ Shafteslmry 
safety^- S (Phillips’ Patent No. „,426, a.p. ^886). The e^inguish^ 
can c is'pivotli on|the-.1at-wick tube, and is connect^ wuh the weighted 
ro^ D by the pin e, whifch passes through a slotted hole. When the 
stands on a table dr other suppert the weight rests thereon, and when it m 
carried thd rod D is ‘supported by grasping the sliding‘oollar attached to t 
by the cross-bar o'-. When, however, the lamp is tilt^ orweft^ned, the 
rod D falls and.,aAw8 the cap c over the imk, as in Fig. 
same time a plate F, sliding on a stud o, and continued round the wick - ^ 

is raised, so that the wick is entirely enclosed and the flame ^e 

the case of Argand burners, PhilUps adopts ? 

¥is 2 KQ. The^button or air-diffuser g is attached to the weighted rod J* 
and fo^ the extinguisher, ‘in conjunction with a tube »>> j 

the ou^wick-tube, and is raised on the descent of the rod. The raising d 
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t 1 il| tube 11 is effected by the pressure of as pin s, exerted through^ rocking- 
Jgvers and pins, upon the pendant rods n. • 

In Jol^on’s extinguisher (Patent No, 7203? a.d. 1888), the burner, Pig. 
260, is fitted with two bell-mouthed or flaring cups each containing a 
loose ball and flhving lids ^ which form the lower arms of extinguishing 
. shutters ^ on each side of th§ wick. When the lamp is tilted or overturned. 


• , • ^ Fig. 257. 



the tenden^^y of the balls to pass out of the cups causes tl\e lifting of the lids, 
and the extinguishers are tlAis closed over the wick. , 

Tlie “Victoria safety” laliftp of Bherring, previously described, Pig. 237 
(p. 290), has an extinguisher consisting of two caps C D* which close auto- 
•matically when the lamp is overturned. ^ 

• Fig. 261 shows. Postleth^wite’s automatic extinguisher, which is fitted 
with two spring shutters closing ever the wieje. ^The burner-dome, which 
constitutes an essentisij part Kif this extinguisher,* is mAde in two* parts, thft 
horizontal division being just below the slot. The upper part is of 
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of considerable thickness, and is sufficiently weighty to hold the 
spnng-shutters open. When this portion of the dome iy displaced by the 
^Werturnii^ of the lamp, the shutters are raised by the springs and extin- 



the flame. They may also be raised at will 1 :)y the use of a lever, 
witli wliich the burner is provided. 

In the^' Water safety ” lamp 6f Bevoll (Patent No. 4919, a.d. 1887), 
Fig. 262, the re&ervoir is surrounded by a water-jacket. If the lamp is 


• Fig. 264. b * 



^overturned, Ijie water runs into a cap surrounding the air-holes of the 
J>urner and extingipshes the flame. * * 


Q^ery iSlevators. — Several inventors hate*introduced ar*angcmenffi 
for raising the gallery carrying the chimney and globe to facilitate lighting^ 
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' snd tmnming. In Sinks’ “ Duplex ” burner, Fig. 263, ^e gaily h 

VBrticuUjy by turning sl ksy, whilst in Bottich^s Mitr&iUBUSd 
gallery slides up, without the use of a key, sufficiently to permit of 4itlt 
insertion of a taper. In Wright and Butler^s arrangement, Fig. ^64, a and 
the raising mechanism admits of the ready removal of th© gallery (as shown 
in b) to facilitate the cleaning of the burner. 


CHAPITER VIII . 

ti ' 

Mineral Spirit and Vapour liamps. 

r 

Petroleum spirit or benzoline Ls largely employed as an illuminant for 
domestic purposes in what are termed “ sponge-lamps.'^ These are small 
chimneyless lamps, the metaUic reservoir of which is filled with sponge or 
other absorbept material, the spirit being burned with a sclid cylindrical 
wick. ,ThG reservoir is intended to contain oi^Iy as 
Fig. 265. much of tb© illuminant as is taken up by the absorb- 

<3nt material, and there is thus no psk of the highly 
inflammable spirit being spilled in the event of the 
lamp being dropped or overturned, the only danger 
^ connected with the use of these lamps being that 
which attends the charging of the reservoir. 

In the majority of the lamps which have been 
introduced from time to time for use with the more 
volatile descriptions of hydrocarbons, the illuminant is 
converted into vapour and i^ burned at a jet with or 
without previous admixture with air Lamps con- 
structed on this^ piinciple were at one time emplpyed 
on the Continent for burning a mixture of liquid 
hydrocarbons and alcohol, and were known as vapour 
lamps or self -generating gas lamps. 

The 8im^)le8t form of p^froleum-vapour lamp^u- 
fiists of, a reservoir having an opening at the top, 
communicating with the air, and provided at the base 
with a tube extending downwards and terminating 
in an Argand burner. The reservoir being charged 
* with some absorbent material saturated with a very 
volatile idescription of mineral spirit, such as gasoline, 
the heavy vapour of the liquid flows through the 
tube by gravitation undpr sufficient pressure to fur- 
nish a stqady flame of high luminosity, similar to that 
produced hy coal gas. 

In the vapour lamp of Llidefsdorff, of Berlin, oil 
of turpentine mixed with four times its volume of 
• 90 per ccait. alcohol was used. This mixture, though 

' yielding a feebler light than is obtained from turpen* 
^ tine alone, .was foumi to^be more maipageftble and less 
• • liable to smoke, on acpount of the lower proportion of 
carbon which it contained. The construction of the 
lamp is exhibited in Fig. 265. The burner-tube B, enclosing the wick, ex- 
tends almost to the bo^;tom of the reservoir .4 j it is contracted at the to]f 
and surmounted by a metal knob c, at thfe base 6f which is a series o| 
, perforations. Before the ^mp, a little alcohol is burned in a cup t 

Hiirmuhdmcr the hnmfir-tiibe. so as to volatilise thb illuminant raised bv 
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wick. The vapour ignites as it issues at the perforations, and ihe flame* 
pfbduced heats the knob c. "When the lamp has thus been lighted, the 
conveyed from the knob effects the continuous ‘conversion of the 
illuminaift Into vajjpur. The upper part of th*e burner-tube is surrounded 

a 

Fig. 266. 



by an annular air-space, formed by an outer tube, to prevent conduction of 
heat to the spirit in the reservoir. 

The French Gasog6ne lamps, introduced for burning a mixture of alcohol 
and coal-tar naphtha, were constructed on the same principle. 

The use of a mixture of one part of 
coal-tar naphtha with two parts of wood 
spirit, or four of acetone, was at an early 
date proposed by Mansfield, who intro- 
duced the lamps shown in Fig. 266 for 
burning it. The wick employed tor 
raising the illuminant may be tubular, 
as in Fiff. 7(5, or solid, as in J'tf/, ii. 

Figs. 12 to 7j show various burners suft- 
^abje for use with soli3|Wipks. The sfte 
of the burner-slit or orifioe d is adjusted 
by a movable cone or cylinder c, and the 
part / which becomes heated and causes 
^he vapour to be evolved from the wick 
may be a hollow button or ca^ as in Fig. 

II or A solid button through which a rod • 
g passes to the wick, as in Fig. ij ; or it* 
may be a solid button attached to a ^in 
passing, as in Fig. 14^ through a crosspiece* 
to the wick, or a cap which,, as in Fig. 75, 
is movable upon t^^e wick-holder. In the 
arrangement shown in Fig.vdj the heat • 
is conveyed to the wick by a button </,• 
and the exterior* cone a slides on the 
wick-holdbr which is provided with 
hooks d for supporting the wok. 

Mansfield proposed to employ benzene 
(benzol) as an illuminant in the lamp illustrated in Fig. *2 67. The benzene 
* reservoir A tSontains a number of cotton* wicks suspended in a wire frame 
over the lower end of the wide curved tube 6, through ^which air is drawn 
by the actioif of the chimney during the*burrfiiig*of the lamp. ^The burner 
is of the Argand foftn. The lamp is lighted by blowing air through the 


Fig. 267. 
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< mouthpiece a, until a flame is produced, and the chimney has beco^ 
heated ; fiir subsequently flowing in a continuous current through the tubi 5 , 
and becoming charged with the vapour of the benzene in its passage throujjir 
the reservoir. Fig. 268 represents a modified form of this lamp, also in- 
troduced by Mansfield, for use with hydrocarbons less ’Volatile than benzene ; 
a is a tube through which air passes upwards to the chamber 6, which is so 
placed as to be heated by the burner, c is an innei tube through which the 
heated air travels downwards into the reservoir or evaporating vessel e, and 
/ is a branched tube through which the mixtur6 of air and vapour ascends 
to the burner. ^ ^ 

Lamps in which coal-tar naphtha n burned without a wick, in conjunction 
with an air-blast, '\mve been introduced by Beale (Parents No. 6537, A^D. 
1834, and No. 7501, A.D. 1837) and by d’Hanens. In the Beale lamp, the 
air passed through and became charged with the naphtha, producing a single 


Fig. 269. 



long flame when the burner wag supplied witn a double air-current ; "while 
the lamp of , d’Hanens, which had a knob surrounded by perforations, 
similar |.o that with which Ludersdorffe lamp was fitted, gave a ring of single 
flames. 

The conical tin lamp so largely used by costermongers and others for 
obtaining^ an outdooi' ligjiti, is one form of a lamp introduced by Read 
Holliday (Patents No. ia,oi5,>.D. 1848, and ^2,965, A.b. 1850) for burning 
cof»l-tar naphtha. The inventor ^describes a large number of modifications 
for indoor and outdoor* use. In all of these the burner, which consists of a 
perforated flat or annular chamber, Requires to be heated, before the naphtha 
is alloweci to flow to it from the reservoir, but when the flame has been , 
kindled, the heat emitted vaporises the liquid before it escapes from the 
burner. The flow, of the spirit is regulated by means of a tap, or by the 
introduction of cotton-wool or otjier fibrous material into thd supply tube* 
In the case of the lamps fitted with resertoirS beflow the burners, the 
oil may be raised to the ^burner chamber by a wick or otherwise. In onef 
f^nn of ‘ h&np having' several burners, one of the hirners serves as th^j 
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IMtponsing chamber from which the others are supplied. In most of the® 
bikners, the vapour is mixed with air before combukion. ^ Fig. 269 ^hibits 
«Abe construction of the burner of a lamp employed for outdoor light^. 
The oil flcWvs from the overhead reservoir through a regulating stopcock, into 
passages H in then biirner; here it becomes vaporised, the vapour passing 
through a fine aperture E and a tube. F, and being deflected by a cone placed 
• above wires G. The strean> is thus subdivided and several jets of flame 
^e produced. Apertures I J M, closed by screw-plugs, facilitate cleaning 
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uid a screw B C regulates the pnssage of the vapour thiy)ugh t^e 

opening E. • ^ v 1. /-t j /t 3 4. j. 

Fig. 2 T demcts gne of three arrangements patented by Gedge (latent 
No. u,oi8, A.D. i8t;o). Th? mint is raised to a chamber* B by a fireclay 
wick A, and is there vaporised by the heat of the flame at the arcul^ 
burner E. A circular stopcock 0 adjusted by a screw* F, regulates the 
passage of the^apour to the burner. • • _ 

• King (Patent No. ^863, a?d. 1856) has described a spirit lamp provided 
with improved*arrangement8 for supplying air to, the f^ame, and preventing^ 
the conduction of heati to the spirit in the reservoir. 
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A lamp for which Broad obtained provisional protection in 1857 QJS/ 
2489), il described as being furnished with an Ajrgand burner, thro lgfa 
which passes a tube provided with a separate wick. The Arganji tube Iflff 
a metal guard at the top, whilst the inner tube, whifh exterjds somewhat 
above the Argand tube, terminates in a perforated biftton. On lighting 
the wick of the Argand burner, the button forming the top of 'the inner 


Fi^. 271. t‘ , Fig. 272. 
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tube becomes so heated as to vaporise the oilj^ which burns at the perfora- 
tions as a 6epa{\..t6 flame, or coalesces with the outer flame. 

Fig. 271 represents a lamp patented by Newton (No. 1488, a.d. 1858), ^ 
in which the necessary heat for volatilising the illuminant is furnished by >; 
a flame burning at end of the wick in a . tube perforated 
for the entrance of air. The products of the incomplete combustion wmda . 
•occurs infills flame, vtogitheh with the vapour from the heated wick, ahdth0 ‘ | 
air drawn in by the flame, pai^ up the tube and gif^e a luminous flame 
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The lamp is pto^ded with a fixed case surrounded by a case ffy* 
pi^iferably non-conducting, having a handle J. The casings F M areJEumished 
«^th apertures which nmy be made to coincide so that Access to the wick 
may be obtained. Air is admitted to the flame! through a space g. 

In a chimneyUs^ lamp, Fig. 272, patented by Newton on behalf of Racey 
(Patent No. 1162, a.d. 1859), and ii^ some respects resembling the Anu- 
capnic'’ burner patented by Rowatt (see p. 269), air is supplied to the 
flame through three perforated cones, G, G\ G”, arranged in the manner ' 
shown in the illustration.* * * 

Lamp! in which the oil is rais^ by a wick, and burned after volatilisation 
and admixture wit^j air, have also b6on patented by Newton on behalf of 
i^sidents abroad (Patent No. 2398, a.d. i860, andf 2958,*^a.d. 1866). One of 
Fig. 273. 



with a clockwork-driven fan for supplying air to the burner. 

Pig. 273 show^ a lamp introduced for buaK*g the vapour of benzoline 
or other hydrocarbons, by« Pouschkareff (Paterit No. 5832, a.d. 1883). 
The illuminant is raised in a tube a by a wick, to such a height that^the ^ 
heat of the flame, •which burnsTat openings in {be end of the tube, volatilises * 
it as ra^dly*^ it* is consumed. To effect the requisite heating, a ring of 
silver or other metal furni^^d with projections d is fitted upon the tube. 
The ring is carried by a rod terminating in a hook e, ana may be adjusted 
to vary the amount of volatilisation according to th# light required. A 
t silver wire mnt so as to . encircle the flame may replace this artangement, or 
as another alternative the end of the tube a may be surmounted by a cap, 
so perforated or slit as to give a flame of the'^gsired ^orm. ^ 

• The “Gas-makdt” lamp, Fig. 274, patented by Wood (No. *2537, A.D. 
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1884), has two wicks, a long, tightly compressed feeder and a short, Idoieili 
asbe^oSjtCotton, or other wick A above it. A perforated cap B forma ^ha 
burner, and comniunicates the heat downwards to volatilise the liquid. 
air-chamber D may be added to prevent flooding of the wick ifl case of the 
lamp being overturned. ^ 

Fig. 275 shows a vapour lamp introduced for burning Russian petroleum, 
by Chandnr (Patent No. 10,234, A.D. 1885). As in the lamp shown in Fi^. 
271, the products of the imperfect combustion <of a flame a at the end of the 
wick, become mixed with air and burn with a luminous flame at /3. The air 
is admitted through a cylinder of wire gxuze or perforated metkl Fy sur- 
rounded b^’ a tube Ey which may be perforated throughout its whole length 
or at the top or boi^om only. Air may also be admitted through perforr-- 
tions in the casing B. Tflo reservoir consists of inner and outer chambers 
A^y the latter of which is open to the air at G. The action of the flame 


Fig. 275. 



a is stajted to ra^ise the level of the oil m the chamber A^j and thus supplement 
the capillary attraction exerted by the wick. In a modification (Patent 
No. 12,336, A.D. 1887), shown in Fig. 276, a chimney is used and the burner 
is enclos^ in a ground - gdafts or porcelain cylinder c, which imparts heat to 
the air entering at penfovationji e. The wick-fiube is surrounded by a tube 
g,A,o which air is supplied through openings h. 

Anothen lamp id which the vapour is generated by the use of a secondary 
flame, is that of KStringfellow (Patent No. 7578, A.n. i886).<«. In^thislamp, 
Fig. 277, the flaipeu burns beneath a cap e, and the requisite amount of air 
to give a flame a^ e of the maximum luminosity is admitted through slots / 
which may be mpre or less closed by means of the regulator g. The cap 
may consist of an inner and outeu shell, between which air alsoi passes to the J 
base of the flame. Stringfellow’s patent also' include an Argand burner 
with a baffle plate dr button^* for'directing a Current of air oii to the flame, " 
well as Isuitable tubes and perforations for supplying the air which .is 
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iHixod ’With the Tapour. Sometimes the vapour generated by a single ^ 
gtlAjimdai^y flame is conveyed to two or more burners. ^ 

Fig* 278 exhibits the construction of the “ Sun Automatic Gas-lamp,” 
patented By* Hearson. The mineral spirit flows from a reservoir into a 
tube F containingfi Vick, and is there vaporised, the vapour passing through 
a cohical orifice, into the burner tube H, together with the requisite quan- 
tity of air. The supply of* vapour to the burner tube is regulated by a 
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screw J. Two sm&ll holes in the tube H produce fine Jets of flame which 
impinge oti th« inner faces of curved plates and thus assist the vapori- 
sation of the spirit in the tuo^ F. At starting, the reserf of^ valve is opened 
fully, so that some of the spirit runs into a cup K. The valve is then 
dosed, the spirit ignited, and, when sufficient heat has befln imparted to the 
•burner for tffe automatic generation of the vapoui*, the valve is partially 
^reopened. • 

In the “ Orion ” lamp, introduced 1 ^ M^ssre. Whittle an(l Son, and 
intended principally fBr lighting streets, mines, &c., the oil from an over- , 
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head reservoir ^sses through a tube plugged with c^ton, and "fitted with a 
reflating tap. It issues from a fine aperture, and, impinging on a 
previously ^heated brass plate, is volatilised. The flamed burns rfb a slit 
resembling that of an ordinary batswing gas-burner. 

Kg. 279 represents a flat-flame burner and a circular burner, introduced 
by A. and‘ 0 . Huff (German Patent, No. 36,279). In each, the oil is supplied 
from a reservoir by a wibk, and is burnt in the form of vapour. In the 
former, the flame buri^ at a slit on an adjustable slide A, and heats a 
plate F, with the result thht thh oil is volatilised at •the end of the wick. 
In anothd!’ form of the, flat-flan^ bprner, the tube B is elongated and 
furnished with a sli^ In the case of*the circular burner, the supply tube 
passes over the burner, so that the plate .F is unnecessary.^ A small quantity 
of spirit is burned in a cup beneath the burner to^start th^ lamp. 


CHAPThiR IX. 

• • 

Blast or Spray Lamps. * 

In these lamps, which are of comparatively recent introduction, and are 
principally employed to light large spaces where tlie flame may be exposed 
to wind or rain, the oil is burned in the form of spraj or vapour in a blast 
of air or of steam and air. The lamps of Beale and d’Hanens, mentioned 
in the last chapter, may be considered as belonging to this class, although 
the air was supplied at a considerably lower pressure than in the modern 
lamps, the pressure in Beale’s lamp only amounting to from half an inch to 
three inches of mercury.* * • 

^ In the Lucigen ” spray lamp of Lyle and Hannay (Patents No. 7162, 

A. D. 1885; 1626, A.D. 1886 ; 1632, a!d. 1887 ; and3ii3, A.D. 1887 ; -mde also 
Hannay, “dour. Soc. Arts,” 1887, vol. xxxvj 57), the bla^t is so powerful as 
to break up the oil into extremely fine particles, and to produce a very stiff' 

•flaipe, whilst the air supply is so adjusted as to give a bright light »wittiout 
evolution of smoke or utcqfisumed vapour. • , 

Fig. 280 shows the common form of this lamp. The air is supplied at 

B, at a pressure of about 20 lbs. to the inch, and passes through a tube 
^ito the tank, from which it forces the oil up a tube F, furnished with a 
cock G, to the burner. The necessary quantity of tfir for breaking up the 
oil into ^pray, and ensuring pA'fect combustion, passes through a controlling 
coCk and a tube I, into a coil superheatej* k, Figs. 280 and 281, in which 
it circulates round the flame, and becomes highly heated. Thence it passes 
down a tube L into the burner, heating the oil, and mixiftg with the oil- 
spray and vapour as these are driven out through the nozzle jj. 

Owing to the fcrm of the burner, air is stro^ly drawn in round the 
base of the flame tlirough p^forations in the ofile’f shell of the bflrner, and 
is heated before reaching the point where combustion occurs, A small 
permanent flame,* sullied by^ an asbestos or other, wick /g, ^^lights fhe 1 
spray in case qf accidental extinction. ^ ^ 

With the ordinary largl-size Lucigen, a tapering solyi flame, about 3 feet 
in length and 9 inches in '"diameter, of an illuminating •power equal to 
2000 to 2500 can^dles, is produced. The lamp is usually forked with heavy 
hydrocarbon^ oils or creosote, of which it burns about two gallons per hour. 
Smaller apparatus, giving the light of irom 400* to 800 candles, and a 
powerful Ludigon with a triplex burner of 90^0 to 11,000 candle-power, are 
also constructed. • * • • • • , • 
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When the size of the flame does not require frequently adjusting, th!& 
earlier fofiu of the Lucigen, Fig. 282, may be used. In this lamp, the (iir 
passes through an*india-rubber tube 0 into a vertical superheater E, whiel^ 

' Fra 281. 

I 



consists of an internal and an external tube. The air travels up the inner 
tube and down the outer tube, wjiich is of copper, and having thus become f 
heated, passes to the burner at F. The tube H supporting the burner 
is also double, so that the compressed air passes down within the outer tub«> 
dnd forees^the oil up tke' inner tube to the burne*. The air and qil; 
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su^filies are Bunultaneously regulated by screwing thp bur^^er J up or down, 
w[>4 locking it by a jam-nut K. 

. Where aiaaii'-blast is not obtainable, steam may be used, the diminution 
of the light caused the presence of the water vapour being but slight, on 
account of, the combustion being mfdnly supported by the air drawn in 
•through the perfoiations In the burner. In one arrangement, the steam for 

* »Fig. 282. 



producing the blast is generated in a copper vessel on w^iich the flame- 
impinges. When steam is used, the oil is supplied to the burner by gravi- 
tation from a hi^er leveh or if t^je reservoir cknnot conveniently be placed at 
a sufl&cient elevation iihe oil may be raised from a tank below the burner by 
the pressure of steam admitted.into a flexible bag within the tank. • , 

In the Wells’ light, %. 283, patented by Wallworkand Wells(No. 235?, 
.AD. i888,and Nos. 6738 and 2 o,366,«a.d. 1889)^ the is raised to tho 




WELLS LIGHT. 


323 

burnpr by compAesed air ooenpying the upper part of the^reservoi#, or by 
the^ise of spnngs or weights, and is vaporised, before combustion, by the 
heat of the flajae. The use of an air-blast is dispensed with. The reservoir 
is provided with a pyiflp p for charging it, and with a screw plug u, having 
a verticall groove traversing its thread. . Air may l)e admitted to the reservoir 
by partly unscrewing the filugf By means of a rod w', attached to the plug, 
the^ height of the liquid^ in the^ reservoir may be ascertained. The burner 
may con^st,^ as shown in* Fig! 284, of a hollow casting h of annular 
form, whichiis shaped conicvilly on t^a side facing the nozzle c, screwed into 
a branch of the castii^. In starting ^ne lamp, a piece of tow saturated 
oil is burned in a cup e, to heat the burner. The oil iftecomes vaporised 
in tne chamber 6, the vapour passing out at c, drawing in airVhile travelling 

Fig. 284. 



through a cylinder and cone d d', and burning at the mouth of the burner. 
The casting b may ha^e projecting hollow or soMd ^ills which Hbcome 
heated and assist in the vaporisation of the oil. fThe cover f of the burner 
is provided with air-holes/®. The burner sofnetimes h^ ^ wirid ^ane /*, * 
the tube a being arraliged to turn*" in the supply tube Fig. 283, *8o that 
the flame shall always lieep in jjne with the •wind. * 

Several other arrangementst^of burners have been patelited by these 
inventors. In Fig. 283, and the detached figure i‘epresented in the fliame, 
the burner consists of a double ring casting through which tfie flame passes, 
th J ofl being heafied in its passage through thd annulai* spaces, 

A numW of blast lax^ have been patented by Robo (IJos. 4504, 6333, 
16,987 and 18,101* A.D. 1^89). Jn his Diamond the oil taii tontains 

a- .water tank from whict*a coil of pipe passes round the flame. The steam 
thus generated exerts a pressure in the water reservoir/ oi about 35 lbs. 



,324 » « PINTSCH dlL OAa 


on the,8quare ir^ch, and the oil, which flows by gravitation iix)m the oil/jaife 
into a small well on the burner, is converted into spray without the use el 
compressed air. His Beacon lamp, designed for use in low-i'oofed struck 
tures, has a flame which bums vertically downwards,* s/kJ the oil is raised 
to the burner by air compressed into, the reservoir to about 25 lbs. pressure. 

In the “ Comet ” lamp supplied by Sinclair arid Co., and in the Scott * 
lamp, the oil is also ponveyed to the burner through the medium of air com’ 
pressed into, the reservoir, and is burned >^ithout an air-blast, whilst in th« 
“ Ne Plus Ultra” lamp of Kempson and Co., steam, generated bj’ the heat oi 
the burner, is employed for the sanlfe purpose. ^ 


, CHAPTER X. 

» Manufacture of Oil Gas. 

This important illuminating agent may be considered as the forerunner 0 
coal gas, although its employment was almost discontilmed until quit 
recently. The use'of compressed oil gas for lighting purposes was 6ugge8te( 
as early as 1792 by Murdock, and in 1815, Taylor of KStratford, Essex, tool 
out a patent (No. 3929) for preparing gas from vegetable and other (ril 
by passing them through highly heated pipes. In 1819, Gordon and Hear^ 
patented (No. 4381) a means of compressing the gas so as to render i 
portable. The gas prepared by Gordon vvas 'examined by Faraday, wh 
published a paper of great interest on its bye-products (*‘ Phil. Trans. 
1825, 440). •• , ♦ ^ 

The recent 'development^ of the industry appears to have commenced i 
1871, when oil gas was introduced with marked success on the railways c 
Silesia. This illuminant was adopted by the Metropolitan Railway in iSjt 
and is now lai'gely used both for trains and ' on ' board ships, as welF as 10 
lighting buoys, lighthouses, <kc., on account ot its great light-gi\ing powe 
and because it suffers less deterioration under compression than coal gai 
For use in buoys, it is generally compressed to about 10 atmospheres. Ii 
New York and many other cities in the United States, a mixture of oil ga 
and water gas is very largely supplied foV domestic lighting purposes, aU' 
in England oil gas has been ii^d to a considerable extent by the Gas Ligh 
and Coke Company and other gas companies as an enricher of coal gai 
In^ this coui!lry, oil gas has until recently bebn usually manufactured from 
residual product obtained in the distillation of Scotch shale oil. * This prc 
duct,, which is known as gas oil, is intermediate in rei^pect to specific gravit 
and Slashing point between the burning oijs and lubricating oils. Lattmffe 
• an intermediate oil obtainkl from Russian petroleum has been employed. 9 
the gaa cdmpames as a source of gas. , 

A system which has been largely adopted in 'making oil gas for tiaej 
buoys, lightl]^pqse8, &c., is that of Pinti^h ♦j(Patenfs Nc. 3101, a.d. 18^ 
4515, A*.i). 1*876 ; and 4967, A.D. 1883). The retorts, which are of 
and D-shapedv are heated to a bright' cherry redness, and are 
pairs, one being set above the other. The oil is run Into ^the upper 
at one end, where it falls upon an iron tray, and the, vapour thus prodl|i|^ 
passes into the lower apd hotter retort where the conversion mtd 
maneift gas is complItdH. The gaseous product tjj'ence travels throagh^|l 
hydraulic main, wWe much of the tar is de'posited. The oil gasi&H 



A eondenser and purifier into a gas hotder. Abbdt So cubic 
feet^ ifas per gallon of oil is considered a good yield. 

• ^ the arrangement of Pope and Sons, used by the Loifdon and North- 

western Kailvjay Company, there are also two sets of retorts, a lower set 
into ^hich the oil i^ admitted in fine streams, and an upper set in which 
the jioducts are subjected to further heating. 

, ^ In the Keith plant, which used id connection with the Langness and 
Ail|a Craig Lighthouses, the central portion of the retorts is constricted as 
shown in Fig, 285, aijd the eil fs delivered through an Inclined trough into 
this constric|jjBd and hottest part. One gallon of oil is said to yield from 100 
to 150 cubic feet of 50 candle gas. * 7* 


• Fig. 281;. 



Paterson’s oil-gas apparatus is fitted with cast-iron retorts into which the 
oil is introduced by pipes passing through them froiix the front nearly to 
the back. The oil becomes vaporised while traversing the pipes,* and is 
converted into gas while passing hack through the retorts to the outlet at 
the ffont. • 

In the process of oil-gas manufacture the v^orised oil i» subjected to a 
sufficiently high temperature to effect the .conversion of the liquid hydro- 
carbons into a permanently gaseous prodiu»b of high illuminating powA*, but 
it is important that the htftt ^plied should not be so high as to. cause the 
deposition of carbon from the gas. The colour of the gas at the time of 
production should be nut-brown and the tar sepaiated from the gas in its 
passage through the hydraulic main should when dropped on white paper 
i:ot*exhibit a greasy margin. If the oil be supplied to the retort too 
abundantly, or if the temperature of the retort^ be jnsufficicnUy high, the gas 
will be light brown or jvhite in colour, and ^ho greasy margin referred to 
will be formed ; whilst, on the other hand, if too little oil be mssed into the 
retort, or if the temperature of the retort be too high, the ccfrour of the gas 
will be dark brown and flakes of soot tv ill be discernible. After passing 
through the hydrauli^; main, the gas is washed with water and puri^ed by 
passing it over a mixifure of slaved lime and sawSist.in the preportion of 
two parts it'i one; • 

When compresse(i to 10 atmospheres, the gas loses ahourt 20*pq?cent. of 
its illuminating power o^ng to the deposition of hydrocarbons, and then 
possesses an illunlTnatrng pow^r of from 40 to 50 candles. , Jhe cost of the 
gas manufactured at Blackwall ^y tiie Trinity House authorities, is said to 
be about lo^. per thousand feet. According to Thompson, the use of oil 
gis on the MetiopoHian Railway is less costW than that of coal gas. 

• Oil gas is rich in jsthylene, marsh gas, ana crotonyibne, and, according to 
Martius (** Berichte der deutschen chem.Gesellscl^^ft,” i.p. 88), fi-equently con 
tains a considerable amount oi acetylene. A rmstfoiJg and Miller, %owever, 
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do not confirm this. The tar obtained in the manufacture aaaoimtdSto 
about 5 gallons per looo feet of gas, and is usually burned und^the 
retortd. *' • • 

The liquid obtained by the compression of the gas is exported to Belgium, 
where it is said to be used as a solvent in the manufacture of varnish. It “ 
contains from 24 to 65 per cent, of benzene and toluenb (Greville Williams, 

“ Ohem. News,” xlix. 197), but is practically {ree from paraffin. Its employ-* 
ment in the carburetting of water gas and air has been proposed, the strong 
characteristic odour ‘of the gaseous illuminant thus produced being of advan- 
tage in respect to the detection of leakage. ^ c 

For further information regardir^ the manufacture and nature of oil gas, 
see Ajrres (“ Proq Inst. tJ.E.,” xciii. 298-363!, Armstrong (‘‘Jour. Soc. Chem. 
Ind.,” 1884, 4^2), Armstrong and Miller (“Jour. Chem. Soc.,” 1886, J4), ‘ 
KuchleFs “ Handb. der ‘Mineraloel-Gaj-beleudhtung und der Gas-bereitungs- 
oele,” Lewes (“Journal of Gas Lighting,” &c., 1891, vol. Ivii. 1182); and 
“Cantor Lectures of the Society of Arts,” 1890, Macadam (“Jour. *800. 
Chem. Ind.,” 1887, 199), Biowan (iM. 1888, 195). ^ 

Practical* experience has demonstrated that with a view to the production 
of a permanent gas suitable for use in the enriching of coal gas, the Uioso- 
ciation of mineral oils^ can be most advantageously effected by the heating of 
the vapour in admixture witli a gaseous vehicle such a« water gas. The 
Springer, Lowe, and other processes largely employed in the United States, 
and already adopted to some extent in this country, are ‘based upon this 
principle, but the consideration of these processes lies outside the scope of 
this article. 


' CHAPTER XI ‘ 

a 

Air-gas Machines *and Carburettors. * 

^ \ 

Air gas, which is largely used in the United States and elsewhere, consists 
of an Inflammable mixture of airland the vapour «of volatile liquid hydro- 
carbons, sufh as the lighter descriptions of petroleum spirit known a8*^so* 
line, The proportion of the v&.pour which air is capable of taking up varies 
with the temperature and with the nature of the carburetting material 
used. Air is stated to retain of the vapour of gasoline (sp. gr. 0.650) 5.7 
per cent, at 14*’ F., 1^0,7 per cent, at 32° F., 17.5 per cent, at 50° F.,%nd 
27.0 per cent, at 68® F. " ^ ^ r 

Letheby (“«Jour, Soc. Arls” x. 87) stated in i§6i that the carburet- 
ting of coal ghs with 10 grains of volatile hydrocarbons per cubic foot resulted 
m av- econom^^f from 46 to 50 per cent. Air charged with 735 grains of 
gasoline per cubic foot has been found to possess an illuminating power of 
16.5 candles when consumed at the rate of 3J cubic feetgper hour in a 15-hole 
Argand burner. ^ ^ , • 

^ The carburetting of illuminating gas or air appears to have been first 
proposed 1831 (Patent No*. 6179) by Lowe, who, in 1841 obtained ft 
patent (No. 8883)^for a carburetting process. Mansfield (“ Jour. S^. Arts,” ii 
520) and Longbojtom (“ Jahresbericht,” i8^6f 422), also ^jroposed methods 
of carbumtti^ air. The carburetting of coal gas by the introduction of . 
the vapour of vqlatile hydrocarbons is now carried on to a considerable ex- . 
cent by gas companies in this country, as it affords' a »eady mean»>^ 
increasing the illuminating power of the product at the time of ddtorer# 
from the gas-holder. ^ ^ 

Aiy gas- making" mabMn^ are usually construct^ on the principle of f 
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iftMing air ovw a ooDmderable surface of gasoline, tffe requisite area b«dnff 
in |Hne obtained by the use of curtains of flannel suspended in the 
•aijparetting chamber with their lower edges dipping into \l reservofr of the 
fluid. ♦ , , 

The chief diffic(ili)&es experienced in the use of such machines arise from 
over-satuiution of iSheair in warm weather or when the apparatus is first 

• charged, and reduction* in tjbe temperature of the gasoline by evapora- 
tion. These difficulties have been to a great extent overcome by immersing 
the carburetting chamber Ih a tank of water and placiifg the whole apparatus 
below graved. 

Even under these cii'cumstances, l:i)wever, fractional evaporation occurs, 
and a residue of insufficiently volatile spirit remains aftei^the apparatus has 
been for some time in use. With a view of overcoming thisr objection to the 
process, an apparatus termed* a ‘‘metrical carburettor ” has been introduced 
by^an American inventor of the name of Jackson. This machine is so 
constructed that a measured quantity of the gasoline is delivered to the gas' 
or air jiassing^ through it, the proportion recommended being i J to 2 gallons 
per 1000 cubic feet in the case of gas and 3 to 6 gallons (acSording to the 
ilkiffiinating power required) in the case of ai/. 

• Muller’s “Alpha” gas-making machine* Fig. 286jp. 328), consists of a 
rectangular carbifrettor or chamber containing a number of shallow trays over 
which gaaoline is caused to ifow. In connection with the carburettor is a 
revolving^lfiowA' driven by a weight, a weighted lever being added to keep 
the drum revolving while the cord wliicli sustains the weight is being 
re-wound on the drum. The air is driven by the blower over the surface of 
the gasoline and is thus carburetted. « 

Several patents for air-gas generators and for lamps in the body of 
which air is carburetted for immediate consumptica, have been token out 
by Hearson and Kidd, thf lattjer in some cases in conjunction with Tjivesey. 
Among these may be mentioned Hearsgn’s “ auto-pneumatic ” gas machine 
anchFfdd’s machine (Patpt No. 19?;, a.d. 1873). In the latter, Fig. 287 
(P- 329)* gasoline is driven from a reservoir into which ay has been forced 
by a pump to a pressure of 10-30 lbs. per square inch, through a pipe into 
a boiler surrounded by -an, outer casing *containing water heated by a gas 
llame. The vapour gene3<ated passes intermittently under pressure through • 
a jet, and becomes mixed with air which is drawn in through a’ valve fitted 
with an adjustable socket to regulate the amount entering. The mixed aii' 
and vapour pass to the gas-holder, which is fitted with an automatic 
armngement for cutting off the supply of hydrocarbon vapour when it is 
full. , • 

Fig. 288 shows I^thammer’s air-gas machine, Tho aij: supplied at a 
constant pressure at A, passes from jiho outer casing of the apparatus 
through an arrangement of ‘check valves 0 , in chambers Jifinto a tuj)© -S’, 
terminating in a number of small flattened tubes /. These tubes are so 
arranged as to cau^e the air which issues from them to bubble through 
gasoline in an mner«chamber G, supplied from 8ft*e8^voir throu^ a pipe 
F. The gas is withdrawn for use through a pipd M. A coil of pipe t, through 
which air which been healed bj a mime is caused to ^as9, may 
employed 4f> prevent excessive cooling of the liquid by evaporation. An 
adjustable weighted balance lalve JS regul&tes the pressure according to the 
number of burners in use and iheir distance from the geneftdor, any excess 
of air supplied at A escaping directly from the vessel C at the valve, before 
carburetted. * * * 

* |j^ong the larg§ nymber qf other inventions introduced for enriching 
coal gas and ci^uretting water gas or air by' means of the ,va^ur of mineral 
spirit, the limits of thi§ article only permit men*ti©n«of the f^owiig.^ « 





il 289 represents iVeeton^s earbarefefcor (Bateizts ixo. 3301, A.n, 1875, 
Iisti4\^4 3865, /,D. 1880). It consists of a reservoir A ana a carbureting* 
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chamber B, whit?li is supplisd theref 'om with liquid hydrocarbons, a constant 
level of the spn’it being maintained. The chamber B is fitted with curved 
plates dividing it into annular chambers so that the gas entering at I) 

Fxa. 288. 



passes through a .toi;tuous path before ils discbai^e at E. The plates an 
' surrounded ^ spongy or fibrous matter, F dipping into the liquid, a lai^n 
' * surface for evaporation being thus exposea to "the gas^ A sva^ve M i 
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arranged to disconnect feie two chambers when the plug N is removed t&f 
‘ charging the chamber i 4 . V - 

In the Maxim* carburettor (Patents Nos. 703 and 2508, A.D. 1889), t)|0e 
illuminant — preferably gasoline — ^is evaporated under the action* of heat,, 
so that fractional evaporation or any alteration in the rate of volatilisation 
due to variations in the temperature of the air is prevented, and the 
amount of gasoline vapour introduced into the, gas or air is automatically 
adjusted according to the rate of consumption of the product. Experiments 
with coal gas show that in this apparatus* the ‘gas* is .carburetted to an 
extent which is practically the same whether a large or small i^umber of 
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burners is supplied, and tho^t the carburetted gas deposits no liquid when 
cooled to iV 0. (50“ F.). t . v 

Jn Maxim’s improved apparatus, Fig. 290, the gas to be enriched is 
•supplied at ^to*a m»dBg chamber b surmounted by a gas-holder d, which 
rises and falls in mercury contained, between the chamber b and the outer 
casing constituting ,the lower part of the chamber a. Toe gas-holder 
has perforations *in the proper position and of a regulated size, so that 
when it rises to a r.ertain height the gas is delivered to the upper part 
of the chamber a, and passes aw^y at/. The gasoline is B«.pplied at h 
from a distant reservoft* at a suitable level,* to a chamber g heated by 
steam or by hot air* from a ijng burner surrounding its lower part, apd 
strengthened by internal plfiites / having pqrforatiom; so arranged as to 




«nswpe curcuianon of the liquid as shown by the artows/ The vessel ^ 
teeminates in h tube g^, through the cap of which slides a tube J fixed to the' 
*^s-helder and having a series of apertures. As the ^gas-holdek* rises or 
•falls, a ^eater or less number of these apertures are above the cap, so 

• • ,, 
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that more or less of the ga&oline vapour is allowed to* mix with the gas 
in the holder, aecordiflg to the rate of consumption. • To provide further 
regulation, the tube j njay be fitted with an interior tube j Similarly per- 
forated and ad&itftng of fongitudinal or angular adjustment, so that the 
openings may be brought more or less* into cjpipcidenbe to vary as required 
the quantity of va^ur passing through them. * * 
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la another arrangement, tU tubesii^ are dispenM 
holder carries a rod which passes through the cap of 
tapering V-shaped grooves which pemit passage of more or 
the holder in proportion to^ the width of the channel whicp « 

the cap. Weston’s “Omegaf” 

Fig. 291. gjQ^ ^ jj 1874), in which coal gaejs/ 

carburetted by means of hydroc«rb<^# 
I, vapour, is krrw-nged similarly to Ms 

WW ■ • carburettor previously describe . The 

^ lanfip r^sservoir is divided into an upper 

and a lower section Ify a partition, the 
upper division holding the gasoline and* 
the Iqwer containing sponge or other 
absorbent material saturated with the 
TT liquid, a. large surface for evaporation 

\\ ^ being thus provided. The lowpr chamber 

I — is supplied with spirit from the upper 

through a valve, the desired leVeh 
®lw •’being maintained by the action of a* 
‘ float lying on the surface of the liquid. 

The gas to be enriched passes through the loW^r chamber and thence to 

Fi". 291 shows a coal-gas carburettor introduced by Spong (Patent No. 
2664, A* D. 1889). It. is furnished with a reser%^oir charged with ordinary 
petroleum oil, and is.attached to the gas-burner in the manner illustrated. 
The oil is carried to the flame by an adjustable wick. 


CHAPTER XII 
V 

Ships’' Lights, and Railwy Carriage ^Roof Lamps. 

These lamps d\ffer from those employed for oth^v: jiarposes principally in 
the arrangements adopted to prevent extinction of the flame by wind or 
water. 

Fig. 292. Fig. 292a. 



The two illustrations in Fig, 292 represent on® form of the Silber lantern 
which is employed i 6 v ships* ^ido /ind masthead lights. Thre necessaiy 
draught is^ pioduced by a ‘tampering metal chimney, ani the reservoir 




in tjoibpaot f om aan 

di the ^k (which i» required about oiw ij^ w^bow) 
the lanteip. The air for supporting, the comtatate 
c^ber formed between two vertical plat* 

Aroueh two ve’rtSl tubes about one-third the height of the chamber^ 
ffi af inX Irmore in diameter.. The tubes are fitted with wire gau^ ^ 
Seir ?ower ends with tHfe object of breaking up the “r-current. The mr 
up the chamhe. .wit V ' depenSingpn the force of the wind, 


Fig. 293. 


Fig. 294.* * 
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Dy a nan dapged cover which directs, any downward aiy-cnrrents pr 
water through an op^n tube surrounding the up;^r part of the lantern. * 

To pro^de for an excessive inflow of water such as may occur Jhrougir 
the breaking of a wave, an odtlet tube may be fitted thrpuj^h thfe body of 
the lantern as shown in Fig. 293, and a metal ridge may bp added to direct 
any entering water towards the tube. 

The oil-container and lens are kept cool by all6wing a portion of thp air 
which enters the lamp l^pass over the cont^inar^and, to travel upwards 
between the lens, and the flame. The heat of the flame is stated to be even 
then always sufficient to prevent the congtaling of the oil, which Ifas been 
known to occur in some forms of malchead lights. Coiza oil is used in 
these lamps in preference to petroleum. 

Fig. 294 represents a lamp introduced by Silber as a railway carnage 
roof lamp. The oil reservoir A is annular, And is placed below the horizontal 
wick. The air for supporting the combustion passes through perforations 
in the outer casing, a consideraWe portion being caused to travel over the 
reservoir to keep, it cool. After circulating round the exterior of^he com- 
bustion chamber, it passes down , through a perforated grid into the burner 
dome, whence it issues, round the flame. The combustion chamber at the 
base of the chimney is lined with white enamel, and is shaped to act as a 
diverging reflector, so as to distribute the light downwards. 

Fig. 295 shows a railway carriage roof lamp introduced by ^ria (Patent 
No. 15,768, A.D. 1 888),, for burning ordinary petroleum oil. An upper 
reservoir A ' supplies the oil to a small chamber A , having an inwardly-turned 
lip a, which prevents spilling in case of a sudden shock. The detachable wick 
case D is carried by a skeleton frame B secured to the lip a, and a tube G 
passing through or replacing the inner tube of the wick case, allows 
passage of a|r to cool the chamber A and support combustion. The base 
of the reservoir A' serves as a reflector. 

Oircular-wick lamps for railway danjages, ships’ signal lights, (J{c.„ 
have also been introduced by Rid^ale (Patents Nos. 1524, 1620, 2420, 
A.I). 1872) * ‘ 
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MINERS’ Si^FETY l^AMPS. 
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1. Early History of Safety Lamps. 

■Ordinary candles or lamps of the simple!* construction serve for the lighting 
of most metalliferous min^s and some coal mines, but in the larp ^lonty 
of the latter the use of such appliances for Ughting purposes is attended with 
very great risk In fact, for a considerable number of years, mines wherein 
the Jonditiona were such as to prevent the employment of naked flames 
were necessarily left unworked for want of a safe means of lighting. 

The first step in the direction of providing a safe light for use in an 
explosive or inflammable 
atmosphere was taken “ 

Spedding, who, in 1700, 
introduced the steel-mill, 

Ilg. 296. This contrivance 
consisted, tis will be seen 
from the illustration, of a 
Bt^el disc mounted on ‘a 
horizontal axis carrying ^ 
pillion, which could be 
rotated by a large spur- 
wheel also mounted on a 
horizontal axis, and pro- ^ 
vided • with a cranked 
handle. In the use of the 
j^pparatus the steel disc wa§ 
caused to revolve rapidly, 
and a piece of flint being 
brought into cord^act with 

it, a shower of sparks was • • onsej-iJAAiA. 

*.i 

of scierfbo and practical experience therefore begainto give attention to 
the problem^ preventiuff the lamentable loss of 

from explosions in coal mines, by providing an efficient dhd safe means of 
illamination. . • * 

exp W Wore of pet«Je«m vspoar 

air could uot be igniteduy an ordinary spark. 





Humboldt was the first to suggest, in 1796, the use of a" safety lamf 
a Bubstittite for tlie steel-mill, but his lamp was not of convenien|j const^:‘(iO* 
tion, and moreover its use* -was not unattended by risk, Various other 
attempts and failures, with concomitant disasters, led ‘to 'the subject being 
thoroughly and scientifically investigated, and at len^h the results ot 
D avy's classical researches were presented to the world. It had long been 
known that the combustible gas emanating from coal, produced, in admixture 
with the air in the mine, an atmosphere whibh exploded* when a light was 
brought into contact with it ; but Davyrwas not satisfied with this general 
knowledge, and accordingly ascertainwi by experimental investigation the 
conditions under wfiich such explosions took place. He found the principal 
condition to be that the proportion of combustible gas in the air of the mine 
must be not less than 7 per cent, nor mors than 1 6 per cent. Below or above 
these proportions, the mixture- is either not inflammable or else it burns more 
or less quietly and without explosion. The second important condition is 
that there must be a high temperature for the ignition of dveU a very 
explosive mixture, actual flame or a temperature above that of a bright red 
heat being needed. Thirdly, it w^ found that the presence of other forei^ 
gases has the effect of , modifying the conditions, usually in the direction oif 
decreasing the risk, or diminishing the violence of the explosion.. 

The proportion of inflammable gas in the atmosphere of a coal mine 
cannot be controlled or regulated by any system of ventilation, for the 
. simple reason that the gas is seldom evolved uniformly, but more frequently 
is given off in irregular outbursts. These occur at times when the coal is 
broken down and, generally, when attacking new ground ; an emission of gas 
also often takes place when the barometer falls, the diminution in atmo- 
spheric pressure ^^erriiitting its escape fcom accumulations in waste heaps 
and vacafit spaces in the mine. Good ventilation obviously lessens the 
chance of explosion by rapidly reducing the proportion of combustible gas' 
below the dangerous minimum. Burther information on this point will be 
found in Vol, I., ^‘.Fuel” (p. 59 et seq,), 

Davy’s further researches had reference to the second condition specified 
— namel), that of the existence of a sufliciently high temperature. It had ® 
been demonstrated that heated gases were etfectiyel) cooled by being passed 
through metal tubes of small diameter, but to Davy is due the invaluable 
discovery that gauze constructed ot wire of a diameter proportionate to the 
intervening spaces, is equivalent to sections of tuhesy as he expressed it, and 
performs all the cooling functions of the tubes themselves. Putting this 
discovery into practice, the safety lamp, see Figs. 297, 298, 299, and 300, 
the introduction , of which has ‘ largely contributed to render the name of 
Davy illustrious, and has entitled him to the ^gratitude of mankind, w^ 
constructed in 18* j. 

The Davy lamp, of which Fig. 297 is a section, whilst Figs. 298 and 399 
show the details, will be seen to consist of three distinct parts — namely, the 
lower portion Or base, foi^ning a reservoir for oil ; the body, or circular en^ 
velope of wire gauze impermeable to the flame ; and the exterior brass frame- 
L worx. The oil v istern A A is a cylindrical metal box, the upper surface of 
which is formed of a copper or brass pkte with a circular opening in the centre. * 
A ring screws’ into this opening, rising slightly ubove the surface, Fig. 299. 
The socket which Supports the wick, Fig. 298, consists of a circular plate a 0, , 
attached to a veridical tube c. This tube has a long lateral opening, into V 


which a piece of bent wire terminating in a hook n, and known aS the * 
pricker,” is made to pass so as to enable the miner to adjust the wi^ 
Without opening the lamp j the Jiook, or pricker, accurately fits a tube . ' 
passing through the oil oistbrn, and its lower, end, whiuh forms e ban<|le,|e 
guarded by the ring p, forming the base of the lamp. ‘ ' 
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The wire ^uze chimney or cylinder was commonly about 6 inches long* 
| inch diameter. A cylinder of greater diameter belhg objectionable^ 
as it is (^p^ble of enclosing a larger volume of in^ammable gas in a state of 
cohibustion^ the gauz^ being thus liable to be more quickly raised to a red 
heat, with the resqjt of destroying its teicture. In accordance with the 
principle already enunci^jbed as to the- relation of the holes to the wire of 
tlm gau:^e, the standard fixed fi,s a limit for safety was, and still is, a gauzie 
oi 28 iron wires to tl^p lii^efft* ijnch, having 784 operfings per square inch, 
but gauze of smafler^mesh is frequently used. 

The fraifte was constructed of tbifee or four strong metal rods r r attached 
to an upper plate of metal A, to protect the miner’s hknd from the heat of the 
fiagie and the lamp from water dropping from the roof of the mine, and to a 
circular ring 0 at the bottom, fitted with a screw w Fcft* fixing on the oil cistern. 
Fig. 297. , 



Davy. • Davy. * Davy. 


Airing was attached to the plate k, by which the lamp^uld be cai^ded 
or suspended in any convenient place. 

The cylinder could be further secured to the oil^ cistern by the^lock e. 
Various contrivances^ had been^proposed by Ke^nie^ and others to render 
this more secure, and one once very generally adopted is shown at 1 , Fig. 300^ 
It consisted of an ordinary lock, but r^^quirei a long key to paiffe across the 
ttf>p of the Isjnp. * " ^ , , 

The upper poison df the laB^ was made of a double sh^e^ of wire gauze, 
or in some localities of perforated du^et copper, to better resist the corro- 
sion an(f consequent destruction caused by constant contact* at such a high 
tepiperature as yie ifiterior of the lamp acquired, with the aqueous vapour, 
farmed during the combustion. • * 

Davy also proposed to employ a coil ot fine platinupa^ wire round the 
flame, so that, in the ev^t of its being extinguisiidd,* there might ibilL exist 
sufficient illumination for the miner ; this, however, failed in practice. 
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Another of our distinguished oountrytnen^ George StephdnsolL but ii|so 
be^n demoting hiH abilities to this important subject, with the resuk th^t b) 
introduced a safety lamp rindependently of Davy’s lamp, but about’ t|i6 
time that the latter appeared. Stephenson’s lamp, the Geordie ” as it wAf 
called, which is shown in section in lig. 301, was provided at first with a per- 
forated metal, but afterwards with a ^ire gai^ze cylinder a, about '2 jinche^ 
in diameter and 5^ to 6 inches high, with a glass shield B inside, -^e 
for combustion was supplied through a triple cirule cf sipal) perforation^ in a 
metal cylinder c below the gauze and glass, but above the oil vessel, which 
when screwed on protected them froy^i external injury ; the air therefore, in 
this lamp, reached the flame a little below the level of the wick. A. metal 
chimney d, fulDor small holes, was fixed on the top of the glass cylinder 
and inside the gauze cylinder. 


Fio. 301. Fig. 302. 



In 1813, just previous to the inventions of Davy and Steph^son, 
Dr.^lanny, who was unwearied in his exertions in this cause, invented 
lamps which burnt safely in a 'fiery atmosphere. Fig. 302 is a drawing of 
one of •them, which istgiveu more for the sake of illutstrating the progress 
of investigation in this branch of applied science ihan because of any 
yracticaVitility it possessed, ^he air was forced from bellows through a 
flexible babe d down the pipe a, and rose at b thrpugii the oil, then pene- 
trating a perforated top plate / it reached the burper c. Thw arrows, ali 
in subsequent Figs., indicate the course of thb air. The Metallic casmg was 
provided witfi a curved pane of glass e, and terminated above in a ohuhney; 
By this arrangement flame was prevented by the intervening layer of ^ 
from pssing back f^om the interior of the lamp to t^e* external 
in earlier forms water was used for the same purpose, and not alone AM 
the air supply bhbble ^ough this liquid, but also the products of coThbuB;^ 
tion. ' ihio arrangement was, however, far. to6 inconvenient and unpractki} 
* to be of any use fojT^mine ijluminatiop. ’ ^ 
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%l|eqtt0Qtly Bf. Clanny modified his lamp considerably ; it; was constructed 
#it]^oUt bellows and accessories, but with an impervious metal shield*, having 
glass and l^uftes in its aides, only open at the -highest part of an internal 
gauze cylinder for abhut ijinch from the top, and surrounding the lamp 
entirely down to thd oil vessel, the shield being in diameter fully half an 
•inch more’ than the lamA There was consequently admission or egress of 
ajr - over the top of the et^eld at the highest pajrt of the lamp. The 
light from this lamp wHs tV» f^ble for practical purposes, but I)r. Clanny 
obviated thjp by placing opposite tl# flqjme a thick globular shield of glass, 
which was found to ijpnect the light ii# a very perfect manner. Ultimately 
Olanny’s lamp assumed the more practical and neater form shown in 

303 j ill tbe glass shield b is reduced iii height *6o as to simply 
surround the flame, but still rests oft the oil vessel A, and to protect it and 
keep it in position the frame is provided with 
the short brass rods D, and the intermediate 303-* 

brass ring o,% which supports the gauze e, and 
the upper part of the frame f. Hence, onjy 
the* upper part of the lamp is protected by 
gjfUze ; nevertheless the air had still to enter 
through the gauzfe above thg glas^ cylinder and 
to descend to supply the flame. 

This lar.b model of Clanny lamp, with the 
Davy and Stephenson, furnish the three original 
types of safety lamps, from which have sprung 
the numerous and varied forms introduced from 
time to time. 

It is remarkable that the wire gauze sur- 
rounding the flame not only cools the gases in 
the event of their being ignited 'j^ithin the 
lamp* jfnd so prevents the communication of 
flame to an explosive mixture outside, bub algb 
tends to prevent the occurrence of explosions 
ipside the gauze cylinder,*! n Accordance with the 
third bf the conditions alr^dy*set forth (p. 
inasmuch as the air vsurrounding the flame 
becomes mixed with carbonic anhydride and 
other products of combustion, as well as with 
soiil^ inflammable vapour which has escaped^ 
combustio*. Consequently any explosive gaseous 
mixture passing into the lamp becomes consitler- Clanny. 

ably altered in composition before it reaches the ^ 

flame! so ^hat its sensitiveness to ignitiori is reduced from this cause, ^and 
combustion is not rapidly propagated ihroughp it. 

Another important and notable ff‘.ature of this kind of lamp ipf that it 
acts as an Indicator of the presence of “ fire-damp,” jts the inflammable gas 
of coal mines is called. A slight incrmse in the volume and ],en^th of tlft 
fifeinie attests the firs# appearance 6f gas, or sometimes *a cap ” is formed 
Hbund the flame, of wlych moTe will be said later on. The* cylinder becomes 
lilted with a ligh£* bluish flAn!b^,as ' oou as the gas incj^ases to between 
S jind 9^er cent, of the mixture. .When the proportion reaches 16 to 20 
|>er cent, the flame of the wick disappears, being absorbed by that filling the 
cyi^der, and ulUmately becomes extinguished when tJ^e proportion amounts 
tto one-third. • • * 

* In the iectlonur figure! in this article, thin brokelf linei rgprgBent' gauze, thin^ntinuous 
VtikM shno't metal, whilst glaesi brass,' ftc. , are depicted in the manner shown in this liluatratilon. 
7h» canstraotiOD of the oil vessel, Aa, being the same iu most lamps, it has not been con- 
iidered necessary to show or to give details in each case. # » a 
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safety' lamp desiderata. 

U safety Lamp Desiderata. 

Before proceeding to describe the various forms of safety lumps wKich 
have since been introduced, it will perhaps be well t§ indicate what their 
requisite features should be, and to point out the conditions which have to 
be observed to ensure safety in their use. yhe best source of information 
on these points is the Report of the Royal Commission appointed to inquire 
into Accidents in Mines, and the followiftg^ statement of requirements is 
largely (jompiled therefrom. j c (. ' 

1. The source of light within a ^safety lamp should be inca^ble, 'Under 

any circumstance^ at all likely to occur in working coal, of causing the 
ignition of an iwflammable mixture of fire-damp and air, even when this is 
travelling at a high velocity. i 

2. The lamp should yield, during an ordinary working day, a sufficiently 
bright and steady light, even when exposed to a strong current of air. 

It follows from these two primary requisites for efficiency tiiat a high 
illuminating power cannot be expected of a really safe lamp in which the 
source of light is a flame fed oy air admitted into the lamp direct front that 
which is circulating ip the mine ; inasmuch as for safety the ingress of air 
must be impeded, and the escape of highly heated products of combustion 
retarded, whilst for good illumination, on the Sther hand, free access of air 
to the flame and ready escape for the gaseous products are needed. 

3. The lamp shdhld be of simple construction, inasmuch as a lamp of 
complicated design may, in the hurry of preparing a large number for use, 
be imperfectly put together; and however safe when in good order, such a 
lamp may be most unsafe when the parts are not properly adjusted. 

4. It should admit of easy and thqrough inspection when ready for use, 
otherwise impeifections may be overlooked. • 

5. It should not be liable to be extinguished when handled with ordinary 
care, because extinguishing necessitates re-lighting and consequent waste 
of time in finding a safe plate in which to do it. 

6. It should indicate distinctly to the miner, by changes in the appear- 
ance df the flame, or by the formation of a ‘^cap,!' the presence of a dangerous 

• quantity of fire-damp in thq air; and as a gaseous mixture giving a very 
faint “ cap ” becomes by the addition of ;^.5 per cent, of marsh-gas converted 
into one which will readily explode, all lamps should be extinguished when 
the gaseous mixture becomes ignited inside the gauze. Therefore — 

7. The construction of the lamp should be such as to admit of^thie 

extinguishing being effected either automatically, or with certainty and safety 
by the minor. On this accouhlj, appliances for stopping the supply of air tc 
the flame atb of great advantage ,if they are simple and not liable to come 
iUt^ operation <»y accident. , ‘ ^ 

It may further be noted — ‘ 

8. That the gauze will wi&stand the action of burning gas for a longei 

period in a tranquil ijjan In a moving atmosphere. • 

9. That, if the lamp is*plunged into a mixture barely inflammable, the 

wire gai:^e i)ecomes red hot, although it remains uncl^^nged in an explosi^jiJ 
mixture. ^ ‘ ^ , 

10. That the^safety of a lamp diminishes c-s the d 5 am«ier of the cylindei 
increases. i 

11. That fije-damp, being relatively lighter than air, is fou 2 d mojt 
abundantly near the roof of a gallery or working* ; hence is importanh^ 
have a lamp constructed so tWt air from jieai’ thg roof may be pllow,en\ 
reach the flame when required for testing purposes. o 

• Moi^over, the lamp ^<?uld not be too heavy. ^0 one can realise 

^ full force of the objection to a heavy lamp without having carried one in thl 
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Iftad for several hours while traversing mine workingsfoften through narroif^ 
pai^ges and in Abe most awkward posture. The following table shows the * 
wei^t of some lamps in the Museum of Practical Geology, J ermyn Street, 
I<ondon. Various makes of the same lamp, however, will differ in weight. 


Dayy . 

Clanny’i^ Improved 
Stephenson’s Improved 
Gray . . 

• HQppl<fwhi^fe-Gr4y 
Mueseler 

Bonneted? Mueseli r* 
DeAector Mueseler 
Bonneted Marsaut 
Deflector Marsaut . 
Thorneburry V . , 



,It will now be convenient to consider how far the three original types 
of safety lamps fulfilled these conditions. find that they were strong, 
simple in construction, and not of great weight, but they failed in respect 
to the first two conditions. In fact, Davy hii^self ascertained that a stream 
of air or gas would drive the llaine throi^gh the gau^e. In Davy’s time, 
hbwever, ventilation currents rarely attained a Telocity of 5 feet per 
second, even m tlfb main air jways, and the movements of •the air were very 
slow in the working places. At tie present time, ventil:ition has improved 
to such an exteht that currents of 20 to 25 feet pej* second velocity are 
common in the main air- ways, whilst the rate varies from 5 to 15 feet per 
second in the working places. Moreover, under certain circumstances — for 
instance, when an opening is made between two main air- ways — currents 
with velocities of 30 to 35 feet per second are temporarily encountered. These 
are liable to strike the lamps obliquely and form eddies round tble^n ; they 
^thus become particularly dahgelous if much fire-damp is present. In the words 
of the Keport of the Poyal Commission, already referred to : — “ It results 
theiffi^m the improved ventilation of mines, that if the current becomes 
sufficienily charged with fire-damp, the Da\ j^b.nd Clanny^amps cease to be 
in any way safety lamps, and the Stephenson (‘ Geordie’) lamp ma^ often 
^us8 an explosion.” * • • 

• • • • . • 
• • 

3 . Description of some of ftie more important Safety Lamps. 


Some of the more important lamps will now be described, and others which 
are"^f interest or possess merit wjB be mentioned j but Ao attempt will be made 
to embody every suggestion whicli has been ppt forward in connection with 
the subject, since this* would extend the article far be^ ond reasonable limits, 
without affording useful information to» the reader. In order to facilitate 
comparison, the lamps will not be introduced chronologically, but will ts far 
as possible be classified on the basis ot their i’esemblance to one or more of 
the original types already referred to — namely^the i)avy, in which the air 
supplied ft) the flame freely paases through anv parttof the gauze envelope ; 
the Stephenson, in which this air enters ^he lamp and also ari^vos at tine 
€ai{Le below the wiek ;^and the Cln’iny, in which air dnftjrs ftie damp and 
^reaches tha flame froy above. , • 

Gommencing*‘lrith the DaJVy; the original lamp, two sp^imens of which 
are pi'^erved in the Museurn of Pj Actical Geology, Jermyn Street, London, 
and others in the Wood Memorial Hall, Newcastle-upo«-Tyne, from its 
appall size, its vary dne gauze, and its feebly flame, was soon found wanting 
fin many respects. The light wa» bad and not lasting, *the gauze soon became 
ns^ess, and numerous, accidents occurred^ •Coi^equentljr modifications were 
intpwittoed in respect t<»fchesize apd height of thelamp anddescriptidh of gauze 
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employed. The depth 6f lheganzecai){“Bmo 3 cegauie”ha^i theexfcent to whi# 
^ overlapped the main gauze, were also both increasea. Ultim?ittely, by^ploy- 
ing the i^oarsest guuze consistent with safety, a fairly good lamp was obtaihea^ 
but still it was defective, the least increase in the speed of the otirfent 
caused it to flicker, and, what was far worse, drove the ^amef throu^ the 
gauze just at the most dangerous times. Hence arose tl)^e idea of a shield or 
screen to protect the flame from draught. The first screens were frequently 
attached to the frame rods, were very irregular in size and form, and weje 
made of various materials, including tin, coj>p<}r,*iron, bi^s, glass, and horn. 
They extended sometimes only as high as the flame, sometimes above it, and 
occasionally nearly to the top. Whan constructed of opaque material, they 
of course could not be carried entir&y round, and they practically ran^d 
from a mere plale placed behind the flame lo a continuous band with 
an opening on one side. They ivrere fixed sometimes inside and some- 
times outside the gauze. Davy lamps with glass shields, Fig. 304, have 
always been known as “ Jhek lamps,” and in these the glass extended to 
various heights, and rested sometimes directly on the oil reservoir and some- 
times on rings or pegs, the latter an'angement allowing air to ^ass beneath. 
These lamps had the advantage of giving more light than the other screened 
lamps, and were somewhat safer, owing to the continuity of the screeij ; 
but they had the disadvantage due to the fragile nature pf the enveloping 
cylinder; and nforeover, unless the glass extended well above the point 
whore the smoke-cap overlapped the main gauze, they\ were but very 
little safer in rapid currents of air than the unprotected lamp ; 
nevertheless they are still met with in some coal-mines for testing 
purposes. When the glass shield ‘is extended to the top of the lamp, 
as in Fig. 305, quite a distinct character is given to the lamp ; air-holes 
have to be provided for the admission of air beneath the glass, and arrange- 
ments have to be made for the escape of the products of combustion above. 
This lamp, which is virtually, although not actually, what is known as a 
** Davy in case,” retained the disadvantage of the risk of fracture^^ 0^ the 
shield. The next stage of development consisted in enclosing the ordinary 
Davy lamp in an*" external case, which sometimes extended to the' base of the 
lamp, as in Fig. 306, and in other mstances only enveloped the upper portion. 
The introduction of the case afforded opportunity for the display of ingepuity; 
and cases of every available 'fprm and of vairotfe suitable materials were 
constructed. The holes in the lower 'portion of the case are for the 
admission of aii*, but it must be remembered that this air has still to pass 
through the enveloping gauze before it enters the lamp, so that the 
characteristic is still Vetaiped. It is noteworthy that this simple device 
converts the Davy lamp from one of the most dangerous into dne of the 
safest of the jrtmps in common ‘use.” A lamp of this 'form is known as a 
** Davy in case,” or “ tin-can Davy.’** Among the lamps subsequently i]>tro- 
dueei which resSrable the ** Davy in case ” is Perkins* lamp, in wMch the 
gauze cylinder is enclosed in^a glass tube, terminating below in a short 
cylinder of doubled wire gapze, for the admission of air, and having a covet 
of similar doubled gai^^e at /he top for the products ot combustion to pa«s 
through. ^ ^ 

In Ayton'b laihp,‘ Fig. 307, the case takes the form Of a cylinder of glasf 
below, and of wire gauze above, the latter being 8un;punded by* a cylindei 
of sheet metal, t The air enters through perfo Aliens in thS'^under sutfaoe of 
a hollow ring &t the lower part of the case, and then passes, as indicated by 
the arrows, throiwgh holes in a collar protected by wire gauze before traverS’ 
ing the Davy gauze. The Wearmouth lamp, Fig. 308, is similar to the Aytot 
lamp, except as regards the frame-rods, hut "the aii* ‘supply in this instanoc 
is obtained tbrough^a ring of holes, near the bottom of the* case, which jute 
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1^ a«fe»d|) of wire gauM. Jig. ^09 represmA qna of UoniMge i»^ , 
iu tlus, the case is of the Olaxmy type, M 
\h# which enters through holes in the outer sheet-meta]* cylinder 
above thS glass is prevented from passing directly down to the dame 
by a second she^t-metal cylinder, which surrounds part of the upper 
portion ,o£ the I)a^ gauze. The air is therefore directed downwards, but 
nevertheless has to paiSs thsough the Davy gauze in order to reach the 
Aame, * The same result was^ obtained, by a slightly different arrangement, 
in the, Foster Ihmp. *The H^er lamp, which is a Gunp of tb® I^^vy type, 
but not adapted for the purposes gf illumination, will be referred to under 
the head of Gas Jjadicators. All tltese lamps ou the model of the “ Davy 


Fig. 304. 



Davy^tb glass Shield * Davy with contlhuoas Davy in a Case. 

(Jack Lamp), ^ Glass ^o%op. , 

in ^ase,^* when judiciously designed aiJd carefully constri^ed, are safe, but 
they do«not give much light, a 

Proceeding now to the consideration of lamps of the Stephenson type, it 
should be pointed .out that in these the air ^n only enter a^vs»or below 
the glass* cylinder.* As already stated, the letter is the way in which it is 
iptended that the air should gain access to flame, the lower p^ption of 4ihe 

• gauze within ^e pterfgrat^ metal ling being left uti^rftteef^d by the g:las8 

• with that^^bject. Ip an undisturbed atmosphere the ai» follows the desired 
<!Knir8e, and the* products of A)mbustion, escaping above, ill the whole of the 

j uppeispart of the lamp, as t-he^' jaliould do. Under these fiircumstanoes, if 
much combustible .gas is present in the atmosphere it i^ites only in the 
dls^er portion^ the lamp, and the heat developed^ is not strong enough to 
^ isMce the tempera turef of fiie |^uze sufliciently high to cause the ignition of 
ftlie eid^mal glks. If, however, there is any dei<je^cy in the air ^p^dy from 
f^ow't due, for instance, to 'clogging of the apertures or of the g^uze, then 
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^me air is (fiuwn from above and a downward current is created in a part 
of the cylinder, the products of combustion occupying -tCnd passinge up 
another ^rt. The result of this is that the woi‘king of the lamp is entiasly 
disorganised, inasmuch as the upper part of the lamp is noilc&ger filled 
wholly with harmless non-explosive and non-inflamnkble products of 
combustion. In a strong current, too, a somewhatf similar . condition 
obtains, a stream of air being forced down the windward side, whilst the 
hot products of combustion have to pass up thp leeward. If, therefore, thb 
air is explosive, it may burn at the top of thS lamp and heat the gauze to a 
dangerous de^ee. If the glass of, a Stephenson lamp breaks:/ the lamp 
becomes a Pavy lamp, but owing to the larger diameter tof the cylinder, the 
former lamp is not ^hen as safe as the latter. An early modification whigh 
the Stephenson lamp underwent was introduced to obviate the inconvenience 



Ayton. Wearmouth. Routledge andVohnson. 


caused by the falling dust choking the air-hole^ in the vertical band. ^In 
place ^f this bait& a hollow collar was fitted which enclosed an annular 
chamber having large apertures, opening on to the gauze within the lamp, 
but communicating the^external air by numerous j^mall hol^ pierced 
in tho unaer side of the^eollafj the arrangemeut being somewhat similar to 
thq^^ intake shown in Fig. 307.^ 

The irregularity caused by air currents of high yelofeity next attracted 
attention, and in Upton and Robejcts’ lamp, Fig. 310, ;ive find arf arrange- 
ment for obviating^ tf is danger. The wire gauze Cylinder which was attached 
to the oil reservcar in the usual manner was. protected, at the lower endy by a 
long thick glass cy^nder, and as regards the remaining portion by a two- 
staged cylindrical qap of copper, ^rewed to the upper ring«of the framed 
and provided with hole^ at the top for the Ijscape of products of cofm-- 
bustion. The glass . fitted cjosely between the cylinder an'd the cistern, 
130 as to {h^vent all cofiimunication between 'the interior and exterior. 
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air neoesBary for combustion entered through a range of small op 


in*the upper part of the cistern into a space protected a double shield ot 
^ doeely compressed wire gauze, through which it had to pass before it reached 
. we wiclta ,A cone retained these shields in their positions, and also directed 
the air upon the wide, where it was found in practice to be entirely consumed. 

•This arrangement was quite safe in any current of combustible gas directed 
against it, owing to the complete insulation of the interior from the exterior 
of the lamp. But among other disadvantages, the air supply was deficient, 
the light was bad^th^ gatfee sdbn became clogged, and a jerk j&xtinguished the 
flame; ^me of Hann’g lamps, for instance, that illustrated in Fig. 31 1, 

Fig. 310 .* 


Fio. 312 




-• Upton and Roberts. * Hann. sr 

• 

were really Stephenson lamps, but mo»e secure than the original type* 
In them, the glas| cylinder only extended p^^t of the way up the* gauze, and 
was kept in place by a metail tube continued to the top of the gauze. The 
heated products of combustion could therefore only escape tlirough tl» toj 
of the gauze and*bh(^ space b^atweeu two horizontal 11aliges*at the top of the 
lamp. * , • • • 

The next* Steps m th^ evolution of the Stephens©® type of lamp were 
attempts to improve the ligjit by the abolition of the continuous gauze, 
/inie first of these, attempts was represented by the Boty himp, Fig. 312, which 
in its action ftsembled the lamp of Upton and Roberts, but the glass cylinder 
was not protected with wire ^auze. In this lamp, which has been many times 
imitated, a rfng of copper, pierced withn numl)ej of ‘hroles, wag fixed to the 
^p{»er surface of th#oil reservoir, and was so arranged that the upper part was 




OIL a levol with Ihe base of the flaioe. A ^lass oyHnto tested upon thia 
*Bim was surmonnted by a cylinder of wire gauze. Owing to the 
with which the inlet holes become obstructed, this lamp and those cc^- ^ 
structed on its lines do not, on the whole, so behave as to com^ u^thin the ■ ' 
definition of the Stephenson type of lamp, and at thifi j^oint it is cmiy 
necessary to observe that such lamps leave much to be desired a^ regards 
both steadiness of flame and safety « ' 


4. Lamps of thjo BJoin Type. ft 

A substantial advance towards improving the lighting*power of lamps of 
the Stephenson type'is evident in the Eloin lamp, Fig. 313, in which th^ 
wicit is surrounded by si glass, shap^ like a dice* 

Fio* 313* box, renting upon a short metal cylinder. In this 

cylinder there are slots, protected internally by 
gauze, 'for the admission of air, which is dinxjted 
on to the wick by a cone. The upper part of the 
lamp cofisists of a plain brass tube covered at the 
tpp with a gauze diaphragm, which' is surmounted • 
by a perforated metal dome, retained in position by 
the supporting bars. Th‘e products of combustion 
pass up the ttibe through the gauze aird out through 
the perforated dome. By means of a metal re- 
flector, which sUdes on the frame bars, the light mciy 
be directed upwards to the roof or downwards 
towards the floor of the mine. While serving the 
former purpose, as shown in the cut, it also screens 
the gauze at the inlet ftrom the direct action of the 
air current, and thus renders the lamp less sensitive 
under certain conditions. This class of lamp, oWitfg 
to both ingress of air and egress of products of com- 
bustion being facilitated, gives slightly more light 
than the UpUn and RoberW pattern, but is, however, ^ 
undesirably sensitive to oblique and vertical currents 
of air. Mbreover, sqch lamps become highly heated, 
and the glasses are liable to crack. 

In the Soar lamp, the Eloin bhimney was furnished 
withaperf orated metal diaphragm inside, near the top; 
Bloiru and a truncated conical'gauze cap covering the bop, the 

, whole beihg enclosed in a slightly ponical bonnet. The 

flame was surroutided by two glasses, t^e annular space between them being 
closed. All these ^iditions were designed to inct^e safety and efficiency; 
the up^r an'angemeiits having for their object the diminution of ove*rheat- 
ing by thejrovision of more extensive conducting surfaces, and the second 
glass being introduced to j^fford the necessary protection id the even^ of one 
of th^ glasses being fractured. * 

» Fui^her ^tttmptfi towards ovdrqoming the difficulty prising from rapid ♦ 
air currents in this class of lamp are exemplified in the* Gardner, Purdy, and • 
Howat lamps. . In the first of these, *the chimnmwas mddein^the form of a 
cone tapering upwirds and terminating in a cylindrical box, with apertures 
at the top and in Jhe sides, ail of which were protected by a closely fitting 
gauze c^. The exposure of this gauze rendered the lamp tiomgwhat unsafe, 

In the Purdy lamp, the chimney was conical and termix^ted in a diaphram • 
of perforated copper, , over which, a gauze cap fitted closely^ outside wie 
chimney., Outside the whele*(rf the upper part of* the lacnp, a brass cylinder , 




^ Ai« witli^ petto&tio!:u at tiie baae to admit oan^oifts of air ivliiob 
ll^aeed tlua Gyirnder atid ooolod the chimooy ; -ouch euireute 

S m titiUeoa for the same j)urpo80 in «ome other pattd^ of safety lamps; 

is laiftp^ although Ibss unsafe than Gardnejj’s, was not a safe lamp owing 
to the risk of breakage of the glass. In the Howat lamp, Fig. 314, the 
chimney consisted of three or more vertical brass tubes, but this did not 
prove to he an advante^gous method of dealing with the high velocity 
I difficulty. Both Bainbridge and Smethurst designed lamps of the Eloin 
pattern, to which also tHe Hern lamp and the Timfhis lamp belong. 

The old form of Fijmat lamj was of the Eloin pattern ;*it had, however, 
a ft^uncated gau;^ coae, closed at ^*he top by a metal cap, inside the Eloin 
chimpey, and a fixed metal band to protect the inlet holes. In a new form ^ 
•of his lamp, which is scarcely Eloin in character, F<jg..3i5, Fumat covers 
Fig. 314. • • Fig. 315. 



• Howat. • Kow Ftjpat. 


Marsaut gauzes * with a bonnet perforated with sever|^ rows of holes on one 
side.* Through the upper ones, ihe products of combustion escajte, whilst 
through the lower ones the air supply enters, and travelling down a curved 
box c, shielding bne quart^* of the lamp, passes* into an air (ilUamber, and 
thence, as in the old Fumat, finds its way through a cylindrical band of 
gauze to the flaxpe. This lamp gives a good light, %nd Jpufns well •In ijl 
but upevard cuiTenffe; it is "quite safe in strong currents, fof* although the 
gas may remain ^flight f^ a few secohds inside the I&mp the flame does not 
pi^ the gauze. * • • 

The following lamps of the Eloin class have arrangements for keeping 
the glass cqpl, afa welf as for overcoming the other di&ulties ; they are all 
furnished with .twg glass cylinders, and in most ef them the air passing to 
the flame is caused to descend through the ann^r space between the 
* Marsaut’s improvements *8el pSst, p. 353. • , • 
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im Auum 


The cWmneys, ^rhich vary in form, are continuations of tL© 

^ ^ inders. Earlier forms of this particular kind of lamp, were those ^ 

Glover ^nd*Cail, Fi^s. 316 and 317, and Hall, Fig. 343 (p. 363). In Glov^ 
and Caii’s lamp, the o3 cisterp. was screwed into the bottom r^g of the 
frame, the middle ring //being connected with the lower*on» by the vertical 
standards g. An ordinary wire-gauze chimney with a cnovable coyer 
was attached to the middle ring, and the lamp l^d the usual ring k at the 
top by which it might be suspended or carried. The air supporting’com- ’ 
bustion entered at holelh made in the middle rin^f//, and^ after passing 
through the mfe'shes of a ring of wire gauze, it descended through the 

• ' Fife. 317. 


Fig. 




Glover and CaiL . Glover and Cail. 

annular passage formed between tpe two glass cylinders m and n. These 
cylinders were supported f^pm below, and rested upon a second ring of wire 
gauze, whicK lay upon prc^ectidg pieces of thejower ring d. The passage 
of the air from the outside between the glass cylinders effectually accom- 
plished the coaling effect •designed by the inventors. A^small conical chim- 
ney Pi was placed insi(]e the gauze cjiamber, a little above the flame, thus 
promoting a steady draught and preventing any flickenng*6f the light. 
This lamp indicated Ihe presence of gas with, great delicacy, and was self- 
extinguishing. , • . 

The next modification of the Elo(n pattern of safety-lamp which deserves 
notice Wivs invented by T.*Y. Hall, in 1852, a*id wll dae** described lalier, 
on (p. 364). . , • • _ 

• More rpcetot forms of this* aescription of la^njf are t]!k)S6 of Williami^i, 
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318, and Morison, Pig. 319, besides others designed by Pelton, Fig. mo; ' 

^d Evan Thomas, Fig. 321. The construction of these will be readily 
. understood from the illustrations ; but, perhaps, the length and diameter 
of the internal gla^s in Williamson's lamp, the cooling current of air in the 
others, the intakg of air being near the top of the Evan Thomas lamp, the 
f ormfitibn of a practically undisturbed gaseous cushion around and below the 
I wickdn the Morison, and iftie various forms the chimneys assume, are points 
worth noting.. All Jamps ef^his pattern, however^have some defect ; there 
is either difficulty in' lighting, or unsteadiness of flame, oy unsatisfactory 
illeimina^ng power, o^*compleM>y imdesign. The latest and most successful 


Fig. 319. • ^ Fig. 320. 



•development of this kiml of lamp^s the Thornoburr^, Fig. 322, which will 
be hereafter described. ^ 

An improved form of the Stephenson type and Eloin ^pattern of lamp, 
but leaving distinct aud novel features, is Ijie Gmy lamp, Fig. ^2 3, in which 
the frame consists of four^ubes down which tlfb air supplied to the flame is 
drawn into an ^nnular air chamber surrounding a cylindriqgl strip of gauze 
below the glass, The early f ui m of chimney was tdpdl*ingdn*ferm and of slffiet 
metal, terminatinc' in a short inverted sheet- metal* cone capped by a gauze 
diaphragm and surrounaeH by a brass tube covered li>a dome provided with 
large perforations for the escape of the products of combustion. This lamp, 
however, soonnindefwent modification, a conical gauze^ylinder was introduced 
in place ofthe sheet-metal chimney, ami the discharge orifice at the top of the 
chimney madTe conical in form. This orifice was also subsequently placed 
in such a positio^i in relation to the ^rf^r^tipns irf the cover as to restrict 
• the discharge of the products of combdstion, and thus keep^he atmosptifere 
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^6 lamp vitiated^ sq as to diminish tlie risk of intemaUesrplosion 
accordance with the <vhird condition already sp^fied (p, 336). Nesd^ iha 
horizontal Siaphragm ring was removed, as it interfered with t|ie*upwara * 
distribution of light. Then sliding shutters were introdwced in the lower 
part of the tub^, so that when desired for testing or other purpps^ air 
might be taken in from below as well as from aboye ; and to facilitate clean* 
ing, the ring supporting the glass, d, Pig. 324, was adjusted to the vertical 
plate of the air inlet chamber. The glass too hui^beten madeconical, narrow- 
ing upwards, sor* that light is thrown upwards better, consequently; defects 

FigI 322. 



Evan Thomas. Th<5meburr7. Gray (Old), 


in the roof may nan be more reahily observed without tilting the lamp, and 
in some cases a crimped cover is Idded to the lamp to prevent the sudden 
eatinCTion to ^ith thcs pattern of lamp is subject. T^e Gray lamp was 
one of the four recommended by the Rqyal Commissioners. The latest form 
of this lamp, comprising all the improvements ^eiiumeraW ^hd bearing 
a name compound^ of we names of those to whom the improvements m 
due, is the Ashwcnth-JIepplewhite-Gray lamp, Fig. 324. . 

5. LanotpB of the Clanny Type. ^ 

^ Passing now to the cbnsideratSon of those lamps* in wh&oh the air supply / 
fSnterfi above the flame, we find that the earlier nattem of the Olahnv laUhn .^ 


^ ston^g curreBteits the Ulier 

f^WSBt.JaMFplAinps. Among the improvements which were stiggesteihy 
■ Smethurst, imd others, was the protection of the gauz^y a metal 

smoia or bennc^l perforated for the admissiott of air, and in some cases so 
shaped as to direct the air current as shown by the arrows in Kg. 335. 
IMs was an impr 3 vein,ent on the old form, but left much to be desired on the 
, acor^f safety. • 

The next step tojrarcjs mijpeasing the safety of Ijiis kind of lamp was the 
introduction of a* second shi^d of sheet metal, as shown in the illustration of 
A^worth’s lamp, J^ig *326. This lamp behaves well in strong currents of 
explosive atmosphere, but becomee^ very hot, and is moreover extinguished 

• • 

• ^ Fio. 325. • Fiu. 326. 



^ Aihworth-Hepplewhite , 
, Gray. 


Bganoted Clanny. 


Bonneted Clanny 
• (Ashworth). 


at once by even flight inclination — a serious defecjf), as has beei^pointed out 
already. • • , 

Evan Thomas also constructed lamps of this class ; in one fgrui the ^n^neh 
consisted of two tne^al cylinders, ne fitting over the ethev; fl^ere were pef^ 
fcttutions in both,^ which orciinarily cojresponded, but; which could be closed 
by slightly tufning the otlfeer cylinder ; the air supply J)ging thus cut off, the i 
light would be extinguished. .Tais arrangement was of doubtful utility, 
inasmuch as a very flight injury to the bonnet presented its operating. 
I^ie internal metal shield in this lamp only reached to the top of the 
gauze, and was iumished with apertures about Italf-way up, through which 
the air pasSbd into the interior of tl^ lamp. This*lamp behaved well in 
^ explosive atmosphere, *but gave far toal&tle light to be useful. ' ^ 
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r Another form of' bonneted CJanny lamp, also dae'to Evimmmui^g 
illustrated in Mg. 33^7. The oil reservoir, as well as the bars and fnunewoji; 
supporting^ the upper portions, is as usual of bras^. The glass 
asbestos washers, between upper and lower brass rings ; ^ the upper ring 
extends upwards, and not only supports the gauze, but by being flanged also 
directs the entering current of air, so that even a sudden fush cannot -pene* 
trate directly into the interior of the lamp. O’he gauze cylinder is closed at ^ 
the top and is surmounted by a gauze cap. JT^ie^ whole upper portion is 
enclosed in a bonnet provided with suitable apertures at the lower part for 
admitting air, and at the upper for the escape of the products of cor'*bu8tipn, 
the egress apertures being, moreover, pi5'5tected by a coni^l shield fixed in 
^ the bonnet. This anjangement not only moderates the rate of escape of the, 
products of combustion, an advantage already referred to, but also prevents 


Fig. 327. 



Fig. 328. 



Marsaut. 


an inrush of air from above. This lamp when tested burnt brightly and 
steadily in very rapid currents, and was not extinguished by being inclined 
until it wa^cuearly horizoivtal. JThe Royal Commissioners found that in an 
explosive atmosphere moving $eoo feet per mifiute, it showed no signs of 
beingnunsafe alter an exposure of nearly eight minutes. The gas continued 
to burn in the ^ahze chp, and a portion of the gauze quiokly’became red-hot, 
but its temperature appeared to be < considerably below < that , required to 
ignite the gaseous misture. It was therefore ndt surprising that this was 
one of the four lamps specially recommended by the Commissioners. ^ 
The next lamp of the Clanny type to be noticed,' not in chronological 
otder, but on account of Jts simplicity of construction, is the Marsaut, 
Fig. 328, which differs from those hitherto considered, in havjng inside a 
bonnet two or three ^auze c^ps flttiifg closely together at their tase on the 
f8p of the gfass, and gradually i^parating as*^ they taj^r upwards^ Thei 
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b^CK^ 1^ ,feol^ «.t tb&6e fear ftinialiting air, A, B aa4 1(J, 

3^* 3iiB, *an<i noles abova fotagress of productss of eomlJcistion ; ip ot^e^f 


L are^far and m more general use, air ie only admitted throtmli iiolea 
in l&e tmde/side af the horizontal lin^ supporting the bonnet, as Sown in 
334 (p; 356), ap arrangement entirely preventing any danger from an 
inrush of hir from the side. Sometimes, too, a gauze diaphragm is fitted at 
top below the Ogress apeniure. With two gauzes this lamp is safe when 
exposed to currents of 2 joo*feet per minute velocity ; and with three it is 
quite safe to currents of over 3000 feet per minute velocity. It also 
given a coif^arative^ ga6d light, «md ^as another of the four lamps selected 
by the Eoyal Commissioners. The iMarsaut lan!p is largely used at the 
ptesent* time, owing to its simple construction, itststrength, the com- 
paratively good light which it ajfords, and thO trustworthy indications 
of gas which it furnishes. Thalast three favourable features are enhanced 
in* Howat’s ‘^Deflector” Marsaut lamp, 

Fig. 329^ and Fig. 330, A and B, in which 
the air entering through the perforated 
fla^lge beneath the bonnet is directed up- 
wards by a vertical cylinder of brass, 
inch high, between the gauze and 
the bonnet, but touching neither ^vt about 
a quarter of ancinch above this, the upward 
progress of the air is arrested by the hori- 
zontal part of an angle-ring d, which .com- 
pletely spai.s the space between the gauzre 
and the bonnet, and as the other part ot 
this ring projects in close proximify with 
the gauze to just .above# the top of the 
vertical cylinder, the air is deflected dgwn- 
wopdathrough the gau^e on to ihe fftime, as 
indicated by the arrows, whilst the products 
of combustion escape through apertures in 
the bonnet just below*th^ top-plate c. iln 
this# way, more perfect ^conkbustion, better ^ ’ 
use of the air, immunity frbm the eflfects 
sudden currents, and improved hght-giving 
power in bad air, are ensured, which, com* 
billed with its Marsaut characters, have 
made tj;iis lamp very popular in many 
districts. In the newer patterns, the d«^- • 
fleeter takes the form indicated in Fig^33o, 

0 and L» ; in the former, the bonnet which 
rests oil the flange above the deflecting 
arrangement is removed, and the defiecting'eylinders are shown in section. 

We are now about to dir^t attention to*anotlfer class of lalffip of the 
Olanoy type, in which a special channel is provided for the upward passage 
of the products of combustion. In one iftake of the J*e^ton Ja^p, Fig. fti, . 
fjW? instance, there was'hn inner corrugated tube, closely surroundea by a ^ain 
perforated metal cylinder, wjiich in its tdhi fitted into thb external gauze, the 
&tter being in addition surmounted by a gauze cap and R ^omed top-plate. 
The iSr entered though the gauze, passed through the perforations in the metal 
^qylinder, and 4®scended through the channels of the corrugation to the flame, 
the products of combus|iion passed dp the central tube. This and also 
Thomson lamp, Fig. 332, were, however, not only^too complicated in 
for practic^ purposes, but were inferior to the Stoimat ond^ 
lamps. * 



HowIR’s Deflector. , 



3OTI ‘MtrBSBWSfe UMP. 

t ^ Ond of the oesii Known letups of the cbimii^ed Olaniiy 
the firstiintroducfed, being but one year the junior of the Clanny is 
the Mueseler ; it was the precursor of the Marsaut lamp, and Wja invented in 
Belgium. In fact, Marsaut' conceived the idea of his laiap«while investi^ting 
and improving the Mueseler lamp, and did not base his /nventio^n t^ or- 
dinary Clanny. The lamp is of the character sl^own in Fig. 353. The wick is 

^ Fig. 330 tf * , . 
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surrounded by a glass cylinder, surmounted by a* gauze chimhey, and covet«< 
by a top-plate, ‘ as in the ordinary forms of Clanny lamps. 
latter, however, the Mueseler lamp is provided "with a ga^e diaphra^ 
fixed round the edges under the .gauze chimney, and stretcning aorj^ -th 
top of the space encircled by the glass. This ^uze supports, in the iwdl^ C 
the lamp, a chimhey, con^sting^of a metal tube, toering 
expandkiglttt the lower epd int6 a short conical enlargement. Whwi *wi 
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i!i|»kht> aiid under o^inaxy cinJuzziataaeos^ the air enters througlt thi 
\0wit part.of tlfe gauze, and passes downwards through th^ gauze di%^ragiaa 
bo like dan^, whilst the products of combustion ascend through the metal 
tube and pa^ out thrcugh the upper part of the* gauze. Hence, whilst the, 
ente^g air tra'uerses two gauzes, the escaping gases from combustion have 
to pas^thiough only one, thickness of gauze, and have consequently less fric^ 
tyju to vvercome. The result fs, that under very slight provocation, such as 
the inclination of the JampT* so ^hat the stream of heated gas rising from 
the flame strikes upon the gauze diaphragm, or the impingiiig^of a current 
of aix^even nf moderate v^ocity, ‘ Lfcijudy on the lamp, the action of the lamp 
is partially or wholly^eversed, and air irill pass dowft the tubular chimney, of 

# • 
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Muesel'T. 


course mingled with proit'icts of o'^mbustion, for part Si these will^still 
ascend, while part will pass through the diaphragm The result is, that the 
vitiated ajr pouring on the flame soon extqjguish^s the lamp, alid this 
occurs the more rapidly, the ifhaier the bottom of*the chimney is to the 
flame. If, however, the atmosphere is explosive, and not travelling oblique^, 
^t may ignite below ^he^ diaphtjagm and endanger the*gl&ss, nut ’if such a 
*carrent is Hpid^and ^bliqne, it may even ignite above the diaphragm, owing 
‘ to the combustible communicftibn established through the^oiiinmey , and thus 
catb^e ®DL explosion. To minimif-«j these defects, a Royal Edict was issued 
in Belgium, fixing the foKowing dimensions and disj)Ositioft of the chimney 
these lamps fbr use in fiery mines ; • , 
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Mazimtini interior diameter at the top . 

S» „ „ baae . . . . 30 . 

Interior diameter at the jvmotion of the main cone with ^ 
the enlargement . , . . . . . f; * 2$ 

Height of the enlargement ^ 6 

Total height of chimney i . 117 

90 mm. (3.55 inches) to be aboTe the gauze diaphragm, and its base to be' t* 
22 mur . (0.85 inch) above the tcjp of the wick- tube. 


ht 


ats 


Lamps of this description are in conmon uee ^n Belgium. ^ In Enjlisl 
forms of Mueseler, the c$imney is noi^ omy higher, whi^li does not invilifmbh 
affect safety, but the other dimensions of the chimney are altered, sometime 
considerably, aitd ^he security aflforded appears to be diminished thereby 



Muesol|r (Smethurst). , ‘ Mueseler (Ashworth). ♦ 

Wh^n the gauze cap of a Mupseler lamp is protected by a bonnet fitting^ 
wdl on tp the sup^rtijig flange (see Fig. 334), which is ^rforated for the ad- . 
mission of air, ignition pf thb gas in the top of the lamp becomes ‘practically 
injipossible.^ Gas may, however, ignite under the gauze diaphragm, but will 
be speedily eytingui^ed unless ‘the lamp is not w^l Constructed, when if, 
may continue bumjng and endanger the glass. Even this, however, mighf ' 
be prevented by ^he introduction of an arrangement for skuttmg off the air ’ 
8 upj)ly. The bonneted Mueseler was therefore the fouit h lamp recomiaehde4 ; ^ 
as safe and efficient by the Accidents in Mines Cpmmi^oners, but, unliica ^ 
the other three, it cannot be inclined with impunity. T^ke Morgan laihp 
similar to the Mueseler, but all the shields, <fec., are (ioubled, It is v«y 
but, like many others, too complicated to be useful. ' , 

In recent f ornls 6 f ‘Mueseler lamp,, made bj^Ashworth, |ig. 3 ^, 

^ sheet-metal cylindrical shield, having c^pertures near the base, and a 

. .* c ■ ' ‘ , .tlf; 



^ ‘ .’ ' , ' s*’’ ''''" '''' ''■' ' ' i ' ' ' 

al tihfl topi as fixed betjweeix* the boimet of the ua^ foiisfi an^' 
gause ; wh^ instead of the usual diaphxagii^ and metal tulm 
the diaphra^ nlopes up all round, and is continued so, as to form 
i dio^ cylfii<|noeI gauze blumney 5 , supporting a short piece of sheet-metal 
tubing* at its iowe^ eftd. The gauze is thus completely protected, and 
iaesides othfr obvioust advantages, by means of a simple shut-off, u, necessi- 
bating la slight turn of the bonnet, the‘ air can be prevented from entering 
fc^ow the bonnet, and is the^ drawn down through^ holes provided near 
the top of the bonzsst, but fielo^ the outlet, so that gas can bi^ tested from 
quite near t-he ropf of the.mine workings, 

TBb mosf recent development 01 pattern of. lamp is Teale’s Pistota 
Safety l^mp, Fig. 336. It consists of a shield A covered externally with 



gauz^ anti provided with apertures above and below for the egress of 
bum? ga^es and inlet of fresh air respectively; a chimnfjr D with ^auze 
above and below to carry oil' products of combiistion, and an inverted cone 
within the lower part of the shield to screen off the air supply JErom the 
vitiated gS^es above and to direct it down ^0 the flame ; the ^lass £ is 
attaiched to brass rings at each extremity so as to ensure good»joints e'^|un 
glasses having imperfect (jdges , then there is the*oihvesiel*B in which 
lieuack-tube is i^tained in position byjbhe slide G. The great feature of 
th^ lamp is thaU all these ptrts, instead of shewing intg iha frame 0, slip 
iuto it«ttston-like, and are prevoj.iti-d from falling out by the pivoted bottom'^ 
plate which is s^rei by a lead rivet. I is an indiae-ubber buffer to 
the lamp being injured when set down ; K is the pricker. The 
of the. produets d oembustion is a queatidbable advantage when 
iUtUimal explosi^ is likdy to occOT^ • 

Jhe Garforth lairit^ was^alsU a Mueseleia tuynifthed with a gas 4 eetaiig 



350 


t 


levice to be considered later on, wbifet the Maokworth lamp was a UneseW 
mp with a glassy tube instead of a metal tube for the chimney. The |)imn 
introduced by Stredley also belonged to the Mueseler group. It Was a 
looking lamp, having instead of the gauze diaphragm a ring df unglazed 
porcelain perforated with holes, and a plate of similar fnaterial mounted in a 
copper shield in place of the gauze cap of the ordinary Mueseler. , 

• 

S. Iiamps of Composite JType. 

Bryham’s, so called, Mueseler lamp, fig- 337» bad a Clanny ^e'and air- 
intake, a ^tephenson air-feed, an Eloin*chimney, and a special gauze capt This 
combination introduces us to a class of lamp which is intermediate,between 
* the Stephenson and the Clanny types. The Bbty 
lamp. Fig. 3i«2 (p. 345), is a lamp of this type, 
foi> although provided with holes below for 
admission of air, the provision is inadequate, and 
as a result much of the air is drawn*through the 
Clanny gauze. In Combe's lamp. Fig. 338, which 
falls* within this categoiy, the cistern, similar to 
that of Davy, was surrounded by a cylindric&l 
rim, pierced with series of «holejS intended to 
admit the air, and covered with two layers of 
wire gauze. The air, in passing through, reached 
a metal dome with a circular opening, which con- 
centrated the whole of the air near the flame. 
The framework was formed of six rods, connected 
by two rings. The glass shield rested upon the 
lower one, wkh an intermediate piece of cloth or 
leather. The upper fart of the lamp was com- 
posed of a tj'ellis protected by six iron rods, and 
at bottom a shield of wire gauze , supp&rfhd a 
copi>er tube or chimney in its centre, which pro- 
moted the ventilation and increased the draught 
of air th hough the cisl^rn.* The products of com- 
bustion escaped thrtfcygh^the meshes of the Shield 
and trellis. , 

In this arrangement, the air admitted through 
the perforations and gauze below the flame was 
always deficient in quantity, and some air* was 
dmwii down from above. This second current did 
not, LaA^ever, obtain free access to the flame, and 
the latter vas therefore smbky. Moreover, the oil 
frequently overflowed from the reseryoi/ and 
choked the underlying gauze, with the result of 
further obstructing the supply of air. 

^The Gissing lamp was also a Boty lamp with 
large instead of small holes for admitting air ; this 
alteration did not, howev^, teffect the behoviotu? 
of the lamp to any material extent. The SohlJne/ 
a German Jam|% j^as a large form of Boty lamp. 'Baimbridge, Fig. 339, 
and Glover Iwfve also produced lamps of the Boty type. • , 

Combination* of the Clanny and Stephenson ^r-feed were employsd by 
Fyfe and Hewitson, in their Improved Clanny,” which had immediaiiii^ 
above the oil vessel, anU below the wick, a series of lateral perfor^ionA w 
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lupplying air from* below^ with»a floor of single gauze above. The 
ylindcr fh this lamp wfts protected by an enter cyliifder of talc, withbiltVi| 



i-AMw kv ^ ooJWD^ Trri ' 

‘•yw ^ r«luo^ a»e mniainMing pow«r .• JU iBield of tale mtt 

fqmd;^ o&dmal OT^ecboo agaSnat fraoture W the audden applicatka^* 
^ ay OT water. ^ gauze cylinder had a double top, and wl^^e upper 

■ m waa a rim of vukaiMM* 

caoyctoucyidiiA allow^ te the unequal expineion of the glaee and metal 
^ the Eoutledge and Joh^n lamp, Fig. 340, we had, as will be seen, 
a Cmiiny mr supply, a small^ylmdneal dhecting screen, a Mueseler chimner 
••very n^ly Marsaut gauzes, double glasses with a cooling down-draueht 
of air m theAqpular spa*^ween them, and filially a Stephenson air- 
feed us a consequence of this downward current. This lamp was really 
safti wheiPin propgr oi-der, but if ii..(rthe defect that the inner glass, being 
too n^r the name, was liable to became highly Heated and thus fractured. 

• • 

• Fig. 340. 



Baifibridge. • Boutledge anti Johnson. 


"WTien this occurred, the lamp was entirely altered in clj^iracter, and ^/as no 
longer safe in strong cui rents. Anothe:^ drawback to this lamp was its 
complicated construction. 

Mafly points df similaritj^to the last lamp maj\)e traced in tlTe Thorne- 
burry lamp (see Fig. 322, p. 350), which, however, is somewhat less compli- 
cated. In the lalibei^ it will \^e no. Iced ife have double ^glagpej surrouifeingp 
the flame, a sheet-metal chimney, whichy however, is Elpm and not Mueseler, 
a Olanny gaut^ G,* surrounding this chimney, an external bonnet, E, with 
air-qpenings beneath the lowt\ r ’m, corresponding witll^les in the upper 
ring of the frame, and g. baffle-plate of perforated sheet metal attached Inside 
I the lower pe|t of the bonnet to prevent an inrush 01 air induced by an 
upward current qf liigh velocity, such a8*may be encountered in descending 
a shaft, the whole lamp being surmount^ by a top-p\^te supported slightly 
aho^e the bonnet. eThe ‘only fiameworl^ift that protecting the^ glass aiM 



wqU as supporl^Qg tie dipper peite^ llie glasses are lield in fOfMgjfik 
ufper ring of the fmme and a flat skelekm ring of metalj covered with sqjre 
gauze, ficnewing into the lower ring of the hwe. Ael^stoe waeh^ i^e 
uwd between the glass and m^al surfaces. The air, therefore, en^rf throu^ 
a Clanny-like inlet, passes the baflle>plate through the gauiie cylinder, down 
the annular space between the glasses, and through the ring of gauze into 
the air chamber. Thence the air trayels into, the dome surrounding' the 
flame, part going direct to the flame, and part escaping from holes round the 
dome. Thus the air-sdjiply reaches the flame^n a ^manner .similar to that of 
lamps of the Stephenson type, and is concentrated^ round the flame by a 
dome, as in m iny lamps already mentiij^neS. The products of d&mbusfion 
pass up the long chimney, through the top gauze, and out under tl^e top-^ 
plate. This lamp, Which is furnished with ingenious locking and wicltf^ 
adjusting arrangements, buVns mineral oi^ and has given very good results. 
It has, however, been objected, to as somewhat too bulky, and there appears 
to he some risk of its workinjg being disorganised by the breaking of tlie 
inner glass ; moreover, it gets very hcjt.* » ^ 

A most interesting and promising combination of principles is exhibited 
in the recently introduced Wiliams’ In^roved Cambrian lamp ; in whlqh 
the air enters underrife^th the bonnet, as in a bonneted Clanny, then, after ‘ 
passing the gauze, descends hollow standards, extending beijiveen the middle 
and lower frame rings, and reaches the flame as fn the Gray system. 

< 

7.*tTnolaflsifled Safety-Lamps. 

We have now to pass on to the consi*deration of some lamps of peculiar con- 
struction, and although most of them, like some we have already noticed, have 
never been pf any practical value, they are, at any rate, of interest as showing 
the nature' of som^ of the attempts made to produce safety-lamps for use in 
fiery mines. <i Perhaps of this class of }amp the early safety lanterns of Crane 
should be first mentioned. These were o^’dinary square lanterns with glaied 
sides, beneath which were slotsf protected by gauze, for the admission of air 
below the flame, wlSle the products of combustion escaped through a cowl at 
the top. ,Crane also introduced a quaint little lamp of form shown in Fig. 
341 (next page). These devices were not safe ; \hey were all too fragile, ^the 
lanterns weref also too large, anS »the air inlets asad*’ outlets were not suffi- 
ciently protected. Moreover, in the case of the little lamp illustrated, the 
pricking wire passed through the gauze, and made a somewhat large open- * 
ing, which increased the insecurity. Biram’s safety-lamp was like *an 
ordinary hand-lamp ; it was constructed of. sheet metal, had a silvered 
parabolic mirror behind the flame, and was closed in front by a door^sliding 
in grooves. Th^ tipper part of the door consisted of a* flat plate of mica; 
the lower of a st^ of gauze; both ^ being set* in a copper frapae. The 
chimi^y was a me® cylinder with a gauze cap at the top, surmounted by a 
sheet-inetal cover furnished with Pilots for the escape of the burnt gases. 

An advanced form of knt^m was devised by J. Evans^ Junior. , In this 
lamp, two glasses were provided; the inner*'one, shaped like an ordinary 
^ lam^ chimney, was 4^ inches in length, i A inch intern^ diameter at the 
lower end 'vffier^ it ^encircles the flame, and inch at me top ; the outer 
glass was 4J inches in* length, and had a uniform internal (jiamet^er of *2 inches. 
These glasses w'ere«hald in position by brass riflgS which werh supported by 
gtay»&ced in lugs projecting from the rims of the rings. The upper pflrt of 
the lower ring foriAed a diaphra^ round the neck of the oil vessel, and was, 
provided with a raked ciijpular ridge, which reteined the glas^ in position ^ 

* In tbs Ifttest form of the Tbomeborry lamp the bamer i«ith metaUio thowu the 
iUnstnUl^, Hg. 329, p. 356. is repijio^ by** Barton burner, .oonslstiog of a poroelsin Wtoh* 
'"tube *t the upper exM in a onwent-eheped epreadteg lip.*> _ ^ 




at tibte a loe^il fuim&1i£i id^ two ijtc^pr 

01 ^ tiKOtOQ^ar aotface, t^sted^on tlie glasaes aod l^eld tliem pwpi^jr* 
<M||iGaotrk}« The i:^per <3Ka|ihragiH wag also provided with a circle of holes over ^ 
•the anutAai; space between the two glasses,, and w^, nioreover, raised in the « 
centre so as to forth d small conical chimney. This diaphragm' was surmonnted 
hy a dc«np of double copper gauze, the inner gauze being coarser than the outer, 
and^th being mounted ons^ne metal band. An ordinary cowl top screwed 
intp tHe upper frame-ring^ (|pvering and holding fast^not only it but also the 
g^uze and the diaiphragm. f8v the admission of air, holes were provided in 
the cylindrical portion of the low^ friyne-ring ; whilst a raised, threaded and 
perforatea ring, fiaied round the necfe, on the top of the oil vessel, enclosed 
an aniyilar space, which was covered with wire gauze at the top. When the 
vessel was screwed home^ air passed through jthe twt) lets of orifices into 

* * Fio. 342. 



the* annular chamber, and 'thence through the gauze dliaphragm into the 
lamp ; *part travelling to the fiame, and paijb finding its way between the two 
glasses. The ordinary flame pricker was used. This^lantem, thoiyj^i of good 
appearaifce, was olMously useless as a safety-lftmp* jiot only on account of the 
lairge area of glass, but also (as to its use in strong currents oj air) bemuse 
of Sie exposure of4h^ gauzes at th® top. * * 

A soit of transition from lanteim te lamp is f uigiished by the Hein- 
ogling lamp, li^ wULch an ^i;angement like an ordinarjp’^oil lamp is placed 
in a ^pufibersome glass case pfotected by a frame of metal bai^. the 
upper and lower parts, of the case, gauze boxes filled wjth glass-wool weie, 
^fitted i the eniiring air and escaping products of combustion passing respect- 
ively through the lov&er and upper boxes. * 

in Haworth’s lamp, the air passed through holes, ^oteoted hy gauze» 
Into a ohamber round thd* top of the oil#db^ wd tiWelled to ilaih^ 


3^2 ^ ma MofcmiSBSs sifsty-ump* 

through a perforated diaphragm, protected^y ga^e, rtirrounding the ifnok-^ 
tube. The lamp was fitted with two glasses, with a closed ummlW apafee 
cbetween them. The products of combustion escaped through a cy|jin(W rf 
perforated metal into an ann\ilar space formed by a^ optdi* brass tube, ' 
closed at the top by a gauze cap, which in its turn was protected by a coyei^ 
brass ^ield, perforated near the top with a ring of hote The peci^rity 
about this lamp was that the air chamber round the wick-tube, aim the^. 
annular space in the tpp part of the lamp, yere ^connected by twa tul^ • 
covered at each end with wire gauze, and passing through ‘tKe illuminating 
chamber. Lucas’ lamp was a Stephenson l«mp, with, the addition /)f a sepes 
of radially arranged sheet metal cells, Voth at the lowers part of the lamp, 
and above the Stephgnson glass. The air, entering through openings pro- 
tected by wire gauze, traveled the lower series of cells and then passed 
through a gauze diaphragm to the flanJe. The products of combustion 
similarly traversed the upper ^series of cells, ^before escaping through wire 
gauze. In the locking arrangement of this lamp, an iron stud was attached 
to the back of* a hasp hinged on the lower part of the ca^e ; so that 
when the lamp was screwed up and the hasp shut down, the stud paSised 
through a hole in the Jower ring ^f the «age and into a hple in the rim Of ^ 
the oil vessel. A metal ‘loop at the end of the hasp then corresponded \nth 
a staple attached to* the oil vessel, and by means pf a padlock thh two could 
be locked together. Tiiis lamp was constructed to burn a mixture of mineml 
and vegetable oils, and bence apparently arose the desire of the inventor to 
provide an efficient cooling arrangement in the series of metallic cells. 

The Humble, a lamp of the Mueseler type, was of finished appearance and 
somewhat curious construction. The lower part was of not unusual form, but 
the air inlet was a perforated brass dome, supported by the frame above the 
glass cylin(J,6r surrounding the flame. Immediately above the glass, however, 
was a metallic plate perforated with small holes'’, and above this there was a 
gauze diaphragm, so that the air enteiing the dome had to pass through 
both of these on its way to th^ %me. For the escape of the products of 
combustion, a tube,*.extendiDg both below and above the perforated metallic 
plate, was provided in the centre of the lamp. This tube passed through the 
diaphragili and dome, as well as through the metallic plate, and terminated 
at its upper end in a chamber doted below by an ln^perf orate metal plate, ^he 
top and sides of the chamber being formed by a cylindrical gauze cap, which 
was covered with a perforated bee-hive shaped braes dome. The iiiter- 
mediate part of the tube was surrounded by a larger brass tube, to which the 
lower dome was attachedcat the lower end, and at the upper end a plate to 
support the upper dome. The annular space between the two tub3S was 
closed at top and bottom by collars attached to the inner tube. Three gills 
wore provided on 'the exterior to furthei facilitate the cooling of the escaping 
products of combusfSon. The whole of the upper portions of the lamp were 
held together by a key passing through slots in the lower part of the chimney- 
tube withj^ the glass., Across the central aperture of tthe lower plate 
supporting the glass, a bridj;e Extended, with f. tubular hhle exactlj^ in the 
centre. Thrqpgh this hole the wick-tube was passed when the oil vessel 
Hvas screwed opt hict oit unscrewing the oil vessel whei^ tka lamp was alight 
the wick was drawn down through tfie hole and the flame was extingumhed, 
so that the lamp ^Jcudd not be opened by remowng the oil rea^voir without 


putting out the light. 

Tne McKinlesa, lamp, Fig. 342, is curious character. In thk 
lamp, in which no gauze is u§ed, the chimney is of brass, and is 
shaped somewhat like a “ ninepin ” with abeut twotthkds of the lower , 
part cut off. Inside the lower end a short flanged tube 4 s fixed, so as 
form .between it and" tne*^ wall of the chimney tproper an annulaa? 



fi^iaoe doaed $^k iht top, but. 4^ below. (The chiilney wall at tlik is 
bporforatedtwitb a gleat numRer of small hol^, tand a short vStical 
^cylmdwal brass band encircles the exterior of ^his portion of the chima^y 
at a lh<»t*distance from it. This band i» fixed on a flat horizontal brass 
ring whieh extends round the chimney and covers the space between the 
g^^es. There* is thus formed, outside the chimney, a second annular 
s^e, closed below and open at the top. The head of the chimney 
contains a perforated^ plate supporting a^conical shield, open above 
and below, * Mdiiclf is covered by a hemispherical dome oi brass with holes 
^ound riie base. A bonnet a]#o fits closely over the whole of the upper part 
of the lamp, shielding the air inlat (holes beingprovided round the lower part 
of tile bonnet for the admission of air), but leaving ^e outlet orifices unpro^ 
tected. The air entering through the bonnet t^us passes into the outer annular 
space through the pertorations*iu the lower part of the chimney, and thence 

Fig. 343. ^ 
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into the inner annular space, frgm which it is directed downwards to the 

•^ame by the internal ttlbe. This arrangement, altl^ugh ingenious, has not 
bedh found satisfactory, the air supply being insumcient. Moi^over, the 
lamp is expensive and somew'hat compficated, 

Ok*ossley. iutroduced a^lamp intended to*bl independenfbf the atmo- 
sphere of the mine. This lamp wa.s supplied with compressed-air W means 
of two tubes, furnished with^stop-cifcks, passing ip^t^djigh eaclf sid^ of 
the oil vessel an? terminating in two small apprtures Below the wick-tube. 
To break •tjie fcrce of ^tlje air current each aperture was arched over by a 
small piece of sheet brass. The air passed througlf % .dome of wire gauze, 
fitting round the wick-tube,’ before it reached the flame. There Were two 
glass cylii^rs and air circulated between them. * 

Xn the JPenudleton lamp, a cylinder of mica surrounded the flame, and was 
supported i»n a cylindrical strip of perforated copper^w^lst it terminated above 
at a diaphragm^of perforated copper, ilou^ this cylinder was a sli^Uy 
conical case, composed of five longitudinal strips of copper gahze doii^ed^ 






dlteXj^tiD^ with Jon^ttidinaJ strips of mica siit in fraittes, 
of* tm (saso iorminate^ in two separated diaphragms of perforarf^ed 
below an ordimry bridged top-top. When the lamp was properly cl^Bdf i i 
flfSral spring in the oil receptaale forced a pin into a hole^ in^ thte ease, aad^ 
locied the two parts together, 

T. y. Hall’s lamp, Fig. 343, had two lopg glasses, and between theii^* 
cylinder of silver gauze, the inner glass being of th» ordinary lamp chimroy 
form. Air was admitted through small holes ppud the lower ring of the . 
cage and in a rim, attached to the upper part of the oil receptacle. Part, of 
the air thus admitted passed to the flames, ronpEdwhic^iit was conc€|ptrate^ 
by the dome of the glass chimney, and part* passed up betwten the glasses, 
the latter current escaping through some small holes in the intermediate ^ 
ring of the frame, but* when the lower air inlet wa^ obstructed air entered 
through these holes, which could, if desired, he partially or wholly closed by 
a ring screwing over them outside* The upper jmrt of the lamp — into which # 
the burnt gases were dischargeil, subsequently escaping through a gauze 
disc and a cylindrical gauze cap — consyted of a wire gauze cham^ns *^iid 
was isolated from the lower pait by a flat horizontal ring placed above thd « 
upper air apertures, and covering space i)etween the glass chimney and • 
the outside of the lamp. The glasses were pressed against the lower ring 
by springs fixed above, in the intermediate ring of the frame, a?ld the frame 
itself was hinged on to the oil vessel. An Ai;gand burner could be used with 
this lamp ; Hall also suggested heating the oil by having it ih a cistern 
supported above the flame by hollow standards. The lamp, however, was 
Bp complicated in construction aS to be useless. 

In Dumesnil’s lamp, the reservoir was of a rectangular shape, and, with 
the object of feeding the wick with oil at a constant level, was attached 
to one side oi the lamp, in a vertical position. The wick was flat, and 
the oil was supplied through a pipe at a level abov^e that of the base of 
the lamp. Two lubfes, slightly inclined towards the side of the wick, supplied 
the air necessary for combustion, fhe opening was closed by wire gauze. Tfie* 
glass shield was secured between two metal plates, and was protected from 
blows by curved iron bars. The lAmp,.was supported by four feet. The 
chimney of sheet metal was contracted 'cowards the tbp, where the products 
of cqmbustion escaped. A double envelope, towards*t];je lower end, projected^ 
into the body of the lamp to give st^idiness tp the flame. When a large 
quantity of gas was present, a peculiar noise was heard, or, as the inventor 
expresses it, Mle crie dam le danger. It diffused an excellent light, at 
least equal to that from three Davys, consuming a little more oil, and* 
burning eight to ten hours withcfut requiring attention. The weight and 
bulk of this instrumept prevent it bbiii'g used as a portable lamp. 

This principle as regards oil supply hfs been adopted by Cambessfedei^, 
who has constructed ai^i, Argand lamp which somewhat resembles Dumesnil’s*^ 
lamp, theftoil reservoir being attached^ to one side of the lamp. Although the 
light is thus obstructed in one direction, yet by means of a reflector, it may of 
course be thrown where it is^iVant^ad. This lam p^. when burfling nomfally, 
affords a steady Imht of caffdle.* 

,A la^ap of tljf (ll^y ^type was designed in France, in.,?irfaich the gau^e 
was replaced by a cylindp constructed of superimposed flat rings of iron, 
maintained at a distance of one millimetre apart. ,T^e empty la^i^ weighed 
1225 grams. It wai *shpposed that this arrangement would prove moae 
efficient than th© but this was found not to be thq case. In a current ^ 
of 145 inches per second the arrangement became Ved-hot, thoug]|.no explor 
sion took place, but when the velocity ol the current succ^ively increased 

to 175, 335, and 410 inicbes per second, explosions occurred respwtivefy ii^ 
secon(^ ^ve seconds, avd<in%tfntaneously. ' 








r A^^gettmts* fioore or Idsjwi.utoinatic moliaxiacteryliave h&&D. ifoggei^ed 

pyeventii^ a sgfety-lamp from being at’ any iJtae converted into an op^en flame 
lamp, ana many of them are to be seen in the Museum of Practical Geology, 
n^ermyn Stre^, London. As an«early example of ingenuity in this direction 
th^e is a Davy lamp whifth is provided with an arrangement for extinguish^ 
ing the flame when the Jaaiji 4 being opened. On the inner side of the lower 
ring of the frabae, which is made dee|>er than usual, there is a thin flat hori- 
zontal iron ring, having two breaks,* opposite one another, filled by two wedge- 
shaped arms, pflroted at the other end ; whilst* two unequally armed levers, 
betrt so thafl the arms make a vertical angle of about yjo®, are attached to the* 
top of the oil •vessel. The longer arms of .the ievers are flattened out, and are 
thin enough to pass into tijo silts in the opposite sides of the wick-holder ; 
when not in use they are retained in *bu nearly vertical position by a 
spring, |ind the shorter arms are then in a nearly horizontal position on 
the top of the oil receptacle. ThA shorter arms terminate in small trans- 
•vei’se wedge-shaped blocks. When the *fratne is screwed on, the wedge- 
shaped arms in its lower ring j*iss over the wedge«haped ends of the levers, 
and do not disturb their position; when, howdVer, the action is reversed, 
the wedges ifl the ring ^tch thf k ver wedges, and, iif lifting them up, drive 
the long ar^s into and down th» slits in the wick-holder. As the unscrewing 
action is continued, the long arms regain their position, but on the next half- 
turn of the frame the wedges again come together, with the same result as 
before ; the wick is thus battered Mown, and the flame extinguished before 
the removal of the oil vessel can be efiected. 

Another invention for efiecting this object is ^:^imon’6 patent, in which 
a little spdon-shaped extinguisher is held up by a button, wl^ch is wedge- 
shaped at the lower end, the arrangement being fixed inside Jjhe lower part of 
frame. In screwing the laigp together, the wedge-shaped portion of the 
button passes a spring-catch attached to the top of the oil vessel, without its 
position being disturbed ; in unscrewing^ however, thfe wedge is caught by 
the spring, and thjs releases the extinguisher, which then falls on the flame 
and puts it out. Another ingenious device with the same object in view is 
that attached to Iteeelfs (unbonnete^)* lamp. A ring, threaded on* the 
outside to screw into an apei’ture in the centre of the ring supporting the 
glass round the flame, also screws into the neck of the oil vessel, and has 
^inverted V-shaped notches in its lower rim, corresponding with two similar 
shaped projections within^ the neck of tl^e oU n’eceptacle. Thus, in screw- 
ingHhe oil vessel on to the cage, the lyng is at the same time oa,used to 
screw into the central aperture alre>fliy referred to. • On unscrewing the 
^vessel, however, the projections %io longer engage with the notches, and 
th^ ring is left in the aperture, with the result that f wo hemispherical caps 
of different diameter, which are pivoted on the wick-tube, and ar€^too large 
to pass through the ring, close over the wick gnd put out the,flame. 

l5i France, also, activity has been dismayed in this direction, for years 
ago Bubrulle suggested a device which has thus b€«n described by 
Bauerman. TN^oil vessels ate urn-snaped and are tmade e£ zinc, and hftve 
projrfcting^studs on their outer surface, which ^t into three corresponding 
clutches in a cohering plate forming the lower part o| ^e cage. The locking 
but is a bent wire, contained within the oil vessel, withisi straight portion 
the upper end, which passes through a hole in the k)p of the lamp^ and is 
' received into a hollo^v boss, lined Wiih brass, in the covering plate, The 
bolt is maintained in position by a curved cop^r spring, also within the oil 
^The widit, farmed of a ringie thickness of *flat cotton plait, is hdld 
' ^ the lower endP by ah iron clip, witlt a projecting ibma., c?arryiilg*i^ 
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8ore\^ nnt or collar, ^hrot^ wbiob pauM a.verticiil efirew for raising dr ' 
loVeting it. The iro» looking-bolt ia al8o‘^|>rovided with projecting arm^ 
around socket or eye, tj^rough which the-vertical rod passes ^loosejy, an^r 
it is only when the lower edge of the collar on the wick-ho^de|^ is hB>ught |n 
contact with this arm, that the bolt can be withdrawn ; when this is done, 
however, the flame becomes eictinguished by. the withdravc^ of the wick wit]^ 
its case. In putting the cage on when the lamp iS trimmed, the open pp-ts 
of the clutches are brought over the studs, sufficient ^pressure being exerted 
to press back the locking-bolt ; the cap, is then turned round through a small 
angle, to make the clutches take hold of th#) studs, amd when the^ are 
position the bolt springs up into its seat, and cannot be withdrawn without 
^screwing down the wick as described. The working of this lamp is somewhat , 
fascinating to witness tfbove-g^ound, but its complications and other imper- 
fections render it unfit for practical use. * 

The most simple of these appliances is undoubtedly that adopted in the • 
Protector ** lamp, Fig. 344 (p. ,363) in which the wick-tube is l9ng and 
screws into a longeheath A, the latter, a^khown in the figure, being sci*ewed 
into the central opening of the Ibwar ring supporting the glass. The sheath isc 
held in position by a bolt and clampt B fixed by a spring, and cannot be ‘ 
unscrewed until the oil vessel has been removed, and in doing this the flame 
is necessarily drawn diown into the long sheath and ,thus extiAguislied. In 
preparing this lamp for use, the sheath is sceewed on to the wick-tube, the 
lamp then lighted, and the.oil vessel screwed into the lower ring.*^ When the 
parts are properly adjusted, the bolt is pushed in and the lamp locked. 

Timmis’ lamp was so constructed that the flame was extinguished on the 
breaking of the glass. This lamp is on the Eloin principle, but the products 
of combustion pass up a funnel-shaped chimney, which at its smaller, and 
upper, end is^prolonged by a cylinder of gaaze, closed at the top by a brass 
cap. The chimney is .surrounded by a brass tube, foi^ming an annular space, 
closed below. This tube is perforated fot a\)Out an inch, just below where^it^ 
surrounds the gauze prolongation pf the chimnby, and the perforations, as 
well as the top of the tube, are covered by gauze. This lamp has two 
tightly-fitting glasses, and through' a valve opening inw^ds compressed air 
is forced intb the space between them. The pressure^ of the air distends a 
membrane at the bottom of the annular space, a nd*'t^iisi' forces down a lever 
which holds on its free end (shaped like a two<pronged fork), a tube sliding 
freely on the wick-holder. When the pressui-e of the compressed air is 
removed, this tube is pushed up by a spring and extinguishes the flame. 

Among the best devices proposed for diminishing the risks attending* 
the use of safety -lamps in fiery mines, are those for automatically extingiJish- 
ing the lamp when .it becomes dangerously hot. To effect this, a catch 
is generally retained by a piece of stringHir a wire, of low melting pointy 
so that when the tempfc-rature is sufficiently raised the string burns oi' ^^bhe 
wire melfe, and the catch holding ip check the extinguishing appliance is 
released, Ip,^the Ballardie Jamp, which was one of the Stephenson type but 
of very iilTerent build, the fui* etitered through^ slots protected by gauze, 
and parsed into ^ cup-shaped chamber, also covered with gauze. A string 
retaining a spring ^(waa(Sti>9tched across this chamber, and^Ad spriug, when 
released by the burning ^of the string, actuated a mechanism for closiifg the 
air inlets. , ^ •. e ^ 

Evan Evans’ automatic shut-off, in his self-extinguishing lamp, Eig. 
which is a bonneted (llanny, consists of two shields betw^n the bonnet 
and the gauze. The outer shield, .which slide§ over the ini^er one, is 
covered with sheet metal at the top, but has a ring of holes near. the upper 
end. The inner shield is fixed on the fipp of the glass, and has a rfhg of holes 
near the hasp. €t is open both'abo# ®nd below. 4 ro(l, aliditig through a tube 



4>oliul6 the gatuee^ noCo&ly extehdg below it, bni^ Sy means of a flat|;^di 
ti!rned-up prolongation, ib oontinu^ upwards a short Histance within the 
aad at^this end 'has a hook atta<m.ed wjbiclv can be tied up by string 
to ajiotherhpok Hxed inside the gauze. The 
under these circumstances, presses against the top 345- 

plai^the outer*8hield and supports the shield 
i in such a position that the^oles in both it and 
the inner ^ield are pnc(wefed, the lower oridces 
constituting the air inlet, and ^he upper ones the 
buent ga® outlet. When, ho\«%ver; the string 
bums, a spripg fixed on the top* of the outer 
shield? and pressing against the under side of the 
top of the bonnet, pushes* down the outer shield 
over the inner one, and both leries of holes being 
thus closed the lamp is extinguished. * 

% ' 

Lamps for indicating the Presence df 
• . Fire-damp. • • * 

Closely^ allied to the arrangements just de- 
scribed are those devices which notify t he existence 
of high temperatures, and are iiftended to give 
warning of danger. Hyde’s lamp had a contriv- 
ance of this description; the lamp was a large 
Davy lamp, enclosed in a rectangular metal (‘ase 
with large openings on two opposite sides which 
could be closed by sliding shutters. The latter 
were kept open by a liool^attached^to a rod which 
passed through fehe oil cup and was suspended 
fQini a fixed support by a jwece •f string inside 
the gauze. When gas ignited inside th#i lajjip, 
the string burnt and let down the shutter's, and 
these released detenti frpjn a clockwork bell. An 
explosion would, however, niobably occur before this apparatus came into 
ac;tion. In the Somzefh isolifier, a metal spiral or bar was so hrmnged that 
when it became overheated in consequence of the combustion of marsb-gas 
inside the gauze, it completed an electric circuit and a bell was rung. 

^ This leads us to the considemtion of the various lamp appliances which 
have been suggested and practically adopted /or indicating the presence of 
fire-dabcp in a mine. As has already been»pointed out, the ordinary gauze- 
' covered flame indicfites the presence of marsh-gas in the Atmosphere, either 
by^becoming elongated or .by the formation of a “ cap.” Fig. 346. When 
fire-damp is encountered in a mine, tlie first indication of its pi^esence 
h usually an elongation of the ordinary flame. This elongation becomes more 
monou^ced as tlye quantity of gas in the ^air increases, and gfadually a 
feebly luminous flame of a bfUe colour, due .to tHe combustion of the gas, 
shows itself surrounding the enlarged jamp-flame. This 6futer flade ij^ 
generally known*^ the “ cap.” ^ With increasing qhAnfitiejf of gas the 
cap ex^inds,^ and^ takes various forms, depending oh the construction of 
the lamp, until the atmo#pRej;e Womes inflammable^ <when the entering 
gasdbus mixture bums at the inlet to the lamp, and the oil flame is ii^most 
cases extinguished. In emplpying the lamp in testing fhe atmosphere, the 
wiok is draT^h down until the flame ilJ greatly ruduced in size and is 
proctieelly »on-lamiliou8, so*that the feebly luminous ^cap, when it begins 
to be formed, may be mpre distinctly tisiblew , The ordinary lamp doe§ 

indicate a proportion lower than 2 tfi 2.5 per cent, of marsH-gas, but 



Ev^i Evans’ Lamp with 
Automatic “Shut off.” 



3ji^ 1^8 k’WfeiJCp; toWa®)* • 

m spite of this, a small Jack-lamp is stlllrjfi^uently om^loye^ for 
the preseace of fire-hamp in the working faces of some c()al-milfeB. ^ < 
els intended to convey som^ idea of the character of the all ^he . 
being one-third the actual si^. In this connection, it^msfy b^^meUtionW . 
that eminent authorities have asserted, and their assertions have b^n 
substantiated, that about 2 per cent, of fire-damp in ak which is alsd 
charged with coal-dust may constitute a violently explosive atmosphere; 
This points to the necessity of more delicate testing for .fir^-damp in order 




< ' < 

lo ensure Bafdiy,^b\fi? it kay be pointed out that a usef<fi?Tlrerdamp detector, 
besides being sensitive, should be simple, portable, and «e^re^^ . 

As regards sensitiveness in the detection of nmrsh-gas in kines^Oi^lkez^ 
lamps: may be ankiged in the following order Gray, Miieseler, Maisa|^t,* 
Morgan, and lastl/Davy and Stephenson. Uie first of .these lamps 
almost, in fact, be wgarded as a delicate indicator. * . ' - . 

A special advantage of Gray’s lamp as an indicator h that, J^he air 
being taken^ from'S)ove, the atihofi|^here immediately^ beheath the rw# 
" the mine cimbe conveniently tdted. This advantage is, bf conrse, s^pd 
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% ma^ tsfkw lAJbpli) dveibd^ jMlttd^d to bb drawing^ tlieir 

w to, part wm aJbova, Wt ^ose lamps liavB not the nther mvonvaUd 
t& Gray h^ap. Many maJcers of ko^ps mm providedioles 
ol»th^ llpn^eti BO that on closing those at the base the snpply of air 
is taJ^en whdDy hs>m. the top. This is the case with Davis Fire-trieirB Imp. 

the siiifplesjb detectors is. the Pieler lamp, which in its old form 
kooni^bed of a large Davy<»lamp, with an 
Argand wick, construct^! to^bum alcohol ; o Pio. 347. 
air was supplied lo the inner pajrt of 
th^ flaxr^ by a vertical * tu3^ passing a aW/ 
through the aloohbl vessel, and protected at » Ji L 

^ch «nd by Wuze. The flame was sur- f) ^ 

rounded and hidden by .a short conical . 1 

screen, and thus the cap was Mndbred easily V p— _ X 

8Tisible. This lamp would det^ as little as • 

J per cei^. of marsh-gas in the air of the • [j ‘ |n 

mine, amd with it the following resuqis have | ^ * 

been obtained when the flame was 30 mmf • 
high. . • • • 

la air cojitaining 0.25 per cent, of methane, jl 

a cap 30 illm. in neigl^t. ► 

In air containing 0.5 per cent, of methane, 

a cap 65 mm. in height. J 

In air containing o. 75 per cent, of methane, | 

a cap 75 mm. in height. I 

In air containing i.o per cent, of methane, 

^ a cap 90 mm. in height. 

In this old form, however, the Pieler ^ 

lamp was unsafe. The latest form of this I 
lamp, Fig. 347, is provided with two^gauzes • 

bonnet. In the bonnet, 4here is a 
narrow longitudinal window, fitted with (t 
sliding shutter, which is opened for purpos«s • == == 

of observation. The Jp<mp weighs ;i 720 ' \ 

grfiims, and, as regards ^safety, does not 1 

cause an explosion i^ith a current oE *a 1 ^ I ' 

velocity of 45 feet per second, even with . f f Ifjill ^ 1 . } 

one gauze, and with the window of the ^ £ FJr j | I 

brmnet open. This shows the advantage of 1 n f 

a bonnet, even when it has a narrow opening • J aipPULJI j , 

in it. ^'in this lamp, however, an explosi^is 1 1 p 

liable to occur whdn the supply of commas- [j| | j I 

tible gas is cut oflf; the eause of t&is phe- ^ 1 H I I 

nomenon is the back-rush of infiamed | iVinn/ I 

alcohol vapour escaping with violence frdm | J | 

the row of holes*in the lower part of the, [ „..^L 

bonnet. The Heler lamjf is useless for^ 

illuminating purposes, therefore a scepnd ITv 

lam{) has to be^^S^ied about with, it; in ^esr,. « 

fact, the Pieler I^p should only be ^!used for titifig when the ordinatr 

lamp has faile!*! to detect &£ o* 


, Ch^eau m ^anoe has r^ntly introduced a modified PieleiOlamp 
in which the liability to explosion is minimised ; to test for gas, he employs 
Ptttoh liquidj or methyl alcohol containii% cuprous chloride, by this means a 
^^Hoate'^indioalion is given by cap as well as by change of colour of the 
but the incemveniepoes attached to, carryipg a’large noiij-illUmiaatW . 
apparatus are not eliminated: ^ • " 
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for detecting tbfe prefl^oa of large pM^rtione oftgaflB in tke air filling 
catties, fissures wickinga/’ wkere tne introdiiicUon ol a l|inp would^ ^ 
^imposedblt or probably (^gerous, John Jones suggested withdrawing^ a 
sample in a syringe constructed to retain a charge of oompressbd gal bewn^‘ 
the piston and the collar through which the piston-rod ^oras, t^e sample so 
taken to be subsequently examined, either chemically in a laboratory,^* by 
observing the efiect of injecting it into a lamp fitted ^th a suitable tv^ for^ 
its admission. With ^e same object in vi^^ (^forth suggested taking * 
a sample in a collapsible india-rubb^ ball fumiSied with a nfetal nozzje. A 
bonneted Mueseler lamp was used for tostix^ the sample, and for tj^s purpose 
was fitted with \ tube of a small diameter ,iContaining severalgauze d^phragms, 
which passed through the oil vessel close to the wick-tube. ‘ The lo^jer end 
of the testing tulie was constructed to fit the nozzle of the i^dia-rubber bafi, 
and was closed with a spring valve. The> insertion of the nozzle opened the 
valve, and on the ball being squeezed the 8axfij[>le of air was forced into tl^e 
lamp, through the testing tuhf), the gauze-capped upper end of which forms 
a burner. Thif arrangement did no^in any way interfere withHhe use of 
the lamp for purposes of illimination. • , 

Clowes has recently devised *an apparatus for ascertaining the sensitive- 
ness of safety-lamps whin used for gas-testing. This consists simply of a ' 
gas-tight cubical wooden box or chamber, fitted with ^ large swinging 
wooden flap, moved by an external han^e, for agitating and mixing the 
gaseous contents, and fqrnished with suitable water-sealed o^Venings for the 
introduction of the lamp to be tested, as well as for the removal of the 
atmosphere. The chamber is also provided with an inlet tube for gas, 
an outlet tube, sealed by water, a window through which the behaviour of 
the lamp under test can be observed, and a hole in its floor through which the 
pricker my be manipulated. The intenior of the chamber and the surface 
of the flap are painted dead-black. ‘ * 

The results of the experiments 'made by Clowes with this testing 
chamber showed that ^hwoi^h-Hepplewhito-Gray lamp, burning flefizo- 
line, was an efficient lamp for gas-testing when the flame was reduced in 
size, by drawing down the wftk iji the usual way, especially when the 
“ cap ” wLs viewed against a surface 'obtained by gfinaiiig the inner surface 
the back of the glass cylinder of the lamp, 80»q8 to destroy its reflecting 
power, or better still against the d&d-black background prbduoed by smoking 
the interior of the lamp glass at the back. Under these circumstances, a 
distinct flame cap, 7 mm. in height, was seen in air containing only 0.5 per 
cent, of methane or fire-(lamp. It was, however, found that the sensit^e- 
ness of an alcohol flame was ihuch greater th^n that of the benzoline flame, 
and that a hydrogen flame was ifi ^is respect preferable^ to an alcohol flame; 
moreover, the h;jMrogen flame possesses the additional advantage over the 
alcohol flame of b%'ng less sensitive to the influence of the presence of 
produf^ts of combustion, and to deficiency of oxygen. 

448? 349> 350, ,351, give the actual measurements made by Olowes 
of the caps obtain^ wil^u the colza-petroleu^n flame, tl¥e benzolifie flame, 
and the hydipgen flame. * Thdse results exhibit very clearly the superiority 
tof the hy(^(>g^ ^ting-flame, aiid demonstrate tha^Joe delicacy of the 
test increases with tl^e size of that ^me. 1 

The followyig^^ general conclusions, drawa Jrom tkese^fheasur^ments, 
and from experience derived from Working witt the different lampi, are 
extrlcted verbatin^from a paper by Clowes in ihe Proceedings of the fioyal 
SocMAy^ vol. lii. pp. 484-503. ^ ^ ^ 

I. The indications ^ the H^er l^mp begin tbp lowest limit of 0.3$ : 
per cent,, .but quickly^ become too great to be utilised. The 
thread-like tip extoiAltog above the fle^e for soveral inches in pa)[*e 



s^mjwrmm of iNOK3i{roas. 37f 

air be mbtaken for a cap, but it soaroelj jcUstingtubh- 

abj^e froiu the cap giv^lby 0.25 per cent, of gas. * 

^ “ Tto Iwp suffers undw the disadvantage that much of tha 

le^l^ litfht of the cape is lost by »the obstruction of the gauze : 
the^^uM also frequently presents a bright reflecting surface 
, , ^hind«th6 flame, and :this renders the observation of the cap 
% impossible. AlUthe other lamps in use are free from the inter- 
ference due t(^ tb^ gauze, and if th^ glasses are blackened, as 
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Heights of Methane Flafte-caps. 
Cclza-petroleum fiat lame fblne), • 
^ »> II •!> .1 (luminoos tip)/ 

AshMK)rth^s benzoline-flame (bine). 
Hiydrogon flame, standard 10 mm. * 

.» r» 15 unp. in the gas. 

„ „ 5 hi the g^. 


a 




already described, they become well suited for the bbservatiBn of. 
caps. • 

2. The i^hwqfth benzoline lamp begins its indi^tions doubtfully at 

0.5 j^r cent., th#c^p tb^is produced being ixrc^te distinct, but not 
^ gi’eater in height, than the mantle of the flame seen in ffaS-free 
air. . • ^ ® 

©ut starting with certainty* with an»iudication of i per cent., 
It fflveS* strikingly regular indications up to 6 per cent., and even 
higher percentages may be read gSOm^ lamp* with a ]png glass. . 

3. The standaxa lo-mm. hydrogen flame gives distinct indicatSns from 
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0.25 to 3 per cent. ; the cap t);ieir beoomM ^*^high for meeatn^ 
meat in lamp ; but hy renluCing the flame to** 5 mm., ci<p- 
Veadings may be taW np to 6 per cent. of. g^. c.. . 

The lower indications may similudy be inor(a«^<’by vmmg 
the flame to 15 mm. 

4. The oil flame, produced by unmixed colxa oU, gives no indi^ons 
with percent^es below a. With i peifcent d gas, the flamf from ^ 
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Actual Dimensions of Hydrogen Flames and Caps wi^ Methane. 

The shaded liames are of the standard 10 mm. sise ; their caps are 
shown at (.p). . 

The dotted flames and caps (J 9 ‘,) correspond to the flame 15 mm. high^ 
in the ns. ^ 

The^^hree figures te Ij^e right [S^) represent 5 mm. flaij^es and th^r 
caps ; flames set)n thergas. e 

cpl^^^edtwith an e^ual volume of petipieum (water>white) 
produces ap apparent cap^ which, though somewhat more intense 
than^the natum mantle seen in gasifipe air, uson^y* equal to this 
mantle ih ^dimensions, and might easily be mistaken for it. « 

^ ^‘Th^ oil flame, when it is reduced until it just loses its 

luminous tip, however, gives distinct inchcation's f|^m 3 to 6 pm^ 
cent. ^ 

** The .largest indications are produced by drawing down hhh 
flame in the pres^ncB gy the yast untile captof maximum laise is 
obtained. . * * 
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Aotual Dimensions of Benzoline Flame and Caps. 

• • 

Fiq. 351 • 
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# Aetoal Dimensions of Q4 Flamfts and Oaps« 


The dontinnoTXB Ifnea represent small blue flames and their caps* 

The dotted ^es re^esent caps proda(Vi(f wtiea the flame viui%djtiBfted 

ftn aji to orivfi maTi mwm cans. 
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« g* A carefully re^^ulated oil flame may,«thbt*efore, conveniently eupplenmt 
the hydro^n flame for the indication of gaa varying from 3 & 6 per cein.» 
Vmd inthe^new hydrc^n lAmptl^ will be found to be a conv«ni«iti methAd 
to ado^.' « e " - 

“ The use of colza alone in the oil-lamp is very inconvenient for at- 
testing; the wick quickly chars and hkrdens pn the top, and tHe^Jflfime ^ 
cannot then be reduced without danger of extinction ; the flame can ^neyer 
be obtained satisfactorily iu a non-luminous coh(flti6n, ^The. admixture with 
petroleum obviates these difllculties 

Pieler had previously recognised the su^'riority of a hydrogen^flame for 
use in testing, and suggested that samplSa of air from the mine should be 
brought to the suifaop and tested with a hydrogen flame in a suitable apart^ 
ment near the pit's mouth t but Clowes, having overcome’ the difficulties 
attaching to the employment ^of hydrogen in a portable safety-lamp, has 
constructed a gas-testing hydrogen safety-lamp which in its earlier form 
consisted of an ^shworth-Hefplewhi^-Gray lamp, supplied with? gas from 
a small steel cylinder 3 inches in dmmeter by 8 inches in length, and 
weighing 4 lbs. A cylinder of 4 his size holds 4 cubic feet of the gas, V 
enough to supply a fl^e^ 10 mm. in heiglTt for about 16 hours. The gas 
passed from the cylinder, which was slung in a leather yase by a strap 
across the shoulder* through a flexible tube, intcf an opening in the bottom 
or side of the oil reservoir of the lamp. This opening, which* was closed by 
a self-acting valve when the supply tube was removed, communicated with 
a copper tube of fine bore passing through the oil vessel and terminating on 
a level with, and close to, the top of the wick. 

Recently Clowes has adopted the arrangement shown in the illustrations. 
Figs. 352, 3Si3, 354, wherein a small cylinder, holding a sufficient supply of 
compressed hydrogen to maintain the standard* flame for forty minutes, is 
attached to the side of the lamp, and e,ven forms a convenient handle. The 
cylinder, whilst securely held in position, ife roa4}ily detached when exhaus^od 
and replaced by a charged one which can be 
Fig. 352. • carriedain the pocket. The small cylinders are 

replenishedVis required fiem a large cylinder of the 
usual fqrm containing or 20 cubic feet of gas, 
about haif of which can* hi used before the pres- 
sure becomes too low to give the small cylinders a 
sufficient change. 

The lamp while burning oil or benzoline can^be 
\ised«a8 a source of light, or may, by drawing 
down tke*wick so as to produce a non-luminous 
flame, be emj^foyed in gas testing ■When proportions 
of gas exceeding 3 per cent, have to be looked for. 
When, however, the proportion of gas is lesfe than 
3 per celit the hydrogen gas is introduced into the 

• lismp ,and ignited at the jet, the wick being then 
drawn down until toe oil or mineral spirit flame 
is extinguished. When the ilkfninating flame is 

* ^again required, the wick is pusEi^ up and, kindled 
by the hydrogen flam^,^d the ^upp% of hydrogen 

is shut ofl*, and theAifore no second lamp is required as is the case witi} the 
Pieleitlomp. 

A very large nhmber of gas indicators unconn^ed with lamps have 
been from time to time suggested, *but these having ali^dy bSen considered 
(see Vol. I. “ Fuel,”pp. 72-75), and being outside the &ope of our suli^ject, 
ith here. 



will not be 
HaviAg 


ealt with « 

liscovered the pre^noe of a dangerous proportion of marsh^gas 
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• 

immediately, if desired. With this object, Evan Thomas proposed the 
use of a double bonnet, so perforated that by turring one of the bonnets 
both inlet and outlet could be closed, but it i.j obvious •that a slight 
indentation would prevent this arrangement from being putf into acUon. 


• •Fiq. 355. 



tt has alsoebeen suggested that the same result should be attained by the 
employment of ^ ring, perforated at intervals, plkced over the inlet or outlet 
oi^nces, or l^th, and ^^tting of being turned so ‘as to close the or^&oee. 
^In Davis’ Fire-trlbr’s lahip,.a horizontal fing t>f this descri^ion is pldbed 
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be^we&i th# fotton of tl6 rim of tbo baunt 
themiMle riog ol the frame. By elightJjt thri^ tWe ^ iM* 
Kition bilk spruJg, the inlet holes are dosed, a sI^m 
4 he^e,tad equated b> a spring, fixing It. On d^mng de^m 
the Ting Tetarns to its forme!* position, and mr is aj;an ardmit!^* lUil! 
devices noticed here as it might be applied lor the purpose ^ 

consideration, but in the case of the JFire-trier^s lamp it is siinpJy US|^^ 

* 
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divert t^e air supply from the lower to the upper portion of the bonnet aa 
already explained when dealing with indicators. 

R^vmdt^Vapcur DeU<Sli<m iiae«p.— One of tl^e Authors has, in oonsulta^ 
tion with Professor Olowes ind with the assistance of Messrs. W. J. Fraser 
ai|^ Oof, recently devised a form of lamp for the application ef the hycb*og6n 
test-dame to cbueot^lamples of air. The apparatus was originally designed 
for the testing of the atlaosphere of tahks and spacesfon steam^ 
ships carrying petrolelhin in bulk; but is obviously* suitable for use in 1^0 
examinatjion of any 'samples of air suspected to contain inflammable gas or 
vapour. The arrangeWnt of Bedwcjod's petroleum vapour dete^on apper 
rattis, which is now lately* used*, is^ shown in pig. 355^ The* applionm 
oomdst of the lamp a, t compresi^ hydrogen ^linder b, and the co!leeti||| 
0. Tb^ lamp is represent|d in section ili Fig» 356. A k tiS 


Ak tube k ccrntmted, aioii immedktely abare the at wMdi 

lamp is M lir^aiiffeittent pflbaffles, shi!^ 
mcsxnted ^ akos of wire*gauze of at least a8 'wkes pei^ Hneal meh, tar 
ik^^s than 7^4,^>P®ohogs per square inch, the flow of the gaseons'ipixtttre 
to^lk ^me being thus regulated, hnd the passage of flame into the collecting 
vessil being prevented. The chimney e fits air-tight at the base, but is 
capable of vertical* moteflidht on an inner tube,* the fropt of which is 
removed. The^iehimney is partly of Inetal and partly of glass, the metallic 
l^rtion Mng bl^keUed inside* ^nd on the glasi^ window lines corresponding 
with various^eights of fiame-capa^ay be marked. The top of the hydrogen 
•jet-tiJbe is lo millimetres (0.4 inch) below the bottom of the window; 
Attached to the base of the lamp is a telescopic support for a cloth, which 
envelops the head of the observer and excludes light when the testing 
^apparatus is used in an undarkened room. The construction of the collect- 
ing vessel is shown in section in IFig. 357.* A is the cqpipression pump, 
which IS furnished with a metallic ^h'ing-pisi^, fitting the pump ojdinder 
^'f^thout the use of leather or other material, and lubiicated with plumbago. 
Surrounding the pump is an annular space, in wjiifch the sample of atmo- 
sphere is<store^. b is a collar to which may be attacl^ a flexible suction- 
tube of any desired length, c is a cock, to which is attached a copper tube 
conveying the sample to the testf lamp. The bore of this cock is very much 
reduced, d is a pressure-gauge, and e a spriifg valve lifting at 30 lbs. 
pressure, fp are hinged bracket^ on which the feet of the operator are 
^aced while the pump is being worked, o is a handle by which the 
cylinder can be conveniently carried. The cftpncitv of the pump 14.84 
cubic inches, and of the annular^ space 169.14 cub!c inches, ^thirty double 
strokes of the pump being required to charge the vessel to pressure of 
30 lbs. per square inch, when it contain one-third cubic f^t of the 
aioiosphere sampled. It is (Jesu^le that the collecting vessel should be fitted 
with a relief valve, os the apparatus is often used in places in which the dial 
of the pressure-gauge cannot be easily seen. Having*regard to the well- 
known experimentsof the ignition df a piece of tinder placed j^eneath the 
pkton of an air-compress^n syringe, it w^s thought expedient to ascertain 
the rise in tern peratu^ Resulting from the compression of the sample, and, 
with the assistance of Messrs^ W. J. Fraser ana Oo., delicate thermometers 
were inserted at suitable points, but the increase noted was only from 20*^ 
te 30“ Fahrenheit. The hydrogen cylinder may be of any desired size, but 
it ha§ been found that what* is known a.s a 5-feifet cylinder is of convenient 
dimensions. When charged to the usual pressure of 120 atmospheres, it 
holds enough glis*to supply a lo-myiimetre flame for tek hours, and is quite 
portable. The whole apparatus may be packed into two small boxes, and be 
readily taken on board a vessel. * 

In the use of the apparatus, the firslf step is to connect the h'^drogen 
cylinder with the lamp, taking care that th^ unkoiA are screwed gas-'tight. 
The sliding chimney of the lamp being raised* about half-way, the gas is 
then cautiously ^urned on at th^ cylinder, the regulating vflve on tUb lamp 
beii^ieft open, and a light is applied to the hydrog^ 3 i-^t.**The valve 
tiie hydrogen cyl^^der is then adjustdd so as to gife a flame rather more 
th^ f o millitnetres (p.4 fticn)^in longth, and the lamp»^imney pushed dowQ. 
U|!^ there is an opening of only about a quarter of an inch in heighi at the 
bottom. This opcnifig is Igft for the supply of air tfl the hydrogen fleihe 
during the ftw minutes occupied in the*warming of the cUinney* As socm 
mcost^ at first condenses upon the cold glass has evaporated,^ 

^ lamp is ready Jcr us^) and assumin^^tbe gCoUectiug vessel^te have 
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already charged VithcthS sample to be teste^, and conn^cjM with the lamp, 
tM that remains is for the observer to completely close the sliding chimnw 
of the lamp^, adjust the hydrogen flame by means of the reguUAing valve & 
<Jhe lamp, so that the tip oV the flame is only just hidden Tvhren^thb eye®of 
the observer is on a level with the bottom of the winflov^, pla<je his head 
under a cloth such as is used by photographers, so as to exclude light, and as 
soon as his eyes have become sufficiently sen8itiYe» tu^n on the tap qf the 
collecting cylinder, and ^ carefully observe what takes place in the *^lamp 
chimney. The tap may* at once be turned oA fully, ac the contraction of 
the outlet and inlet orifices, already reVerred to, 'prevents the rushing out of 
the contents of the cylinder,, and the sample will be gradually deli^red in\;o 
< the test lamp during a period of more than two minutes, which is ample 
time for noting thd effect. The rate of delivery is, of courae, a graduaJl/ 

fig. 358. ^ ^ 
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diminishing one, but this is not foifnd to be .'ittended with £giy inconvenience, 
the conditions being^lhe same in each experiment. In this way a proportion 
of vapour, considerably^ below that which, is required even for the production 
of an in^ammable mixture, and still lower than that which is needed to^’i^e 
an explosive atmosphere, may be detected by the formation of a flame^oap 
of greyish-blfie colour, wbieh, though faint, is nevertheless easily* seen, 
especially afier a little practices With an increase in the quantity of 
vapour,* the flamb>cap firs}; becomes much better defined,, though it is not 
greatly augmented^ii^size,^ and then considerable enlargement of the cap 
occurs, this condition l^eing arrived at before,, the atmcspljere becomes 
inflammable. One pf^the Author^ and his brother, mr. T. Horne Eedw^gd, 
have sudt!)eeded in obtaining photographs of flame>oaps, which are reprodu^ 
in Fig. 358, and convey an accurate impression olwhat the dbs^er has to 
look For in employing the hydrogen flame in the /|uahtit^ive testing of air 
containing, or suspected .to contain, petroleum vapour, j^g. 356 (a) repu^ 
fiente the standard hydrogen fimn^ jn air free from** petrd^um vapour, a:^ 
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35? (f) (c) ((£)\tf)Wl{/) 8h#w^th© fiame-a^ prodifbed whaa 
* 01*0.75,. ^’5»*3» 5> ®^4 ^ of pentane, respectkely, is nux^ 

iej,ooG^ volumes of air. In each oaee, a hydrogen flame lo millimetrefi^ 
(6.4 inch) in &e%h^waA employed. In takmg these photographs, the lens 
of thecamero was pkoed equidistant between the hydrogen flame and the 
seimitised plate, scfas to give an image of true size. On the assumption that 
in thlse experiments tlm theoretic^ volome of vapour was obtained from 
the pentane, t)ie proportions of vapour in the air were for !Fig. 35S (6), 0.144 
per cent. ; for (ch o.a88 per cent. ; foii(<i), 0.576 per cent. ; for (e) 0.96 per 
cast. ; and for (J), 1.15 per cent. «Since the investigations of one of the 
Authors^ show tBat the vapour of 6.65 voluifles of pentane in 100,000 
golumes of ai^ is the smallest proportion giving an inflamineble atmosphere, 
and that this •proportion, must be nearly doubled 1)o give an explosive 
mixture, it follows that the^rdportion which furnished the flame-cap in 
Fig. 358 (i) was about Jtn of that necessary for the formation of a 
combustil)}^ mixture, and about •^th of that which produces an explosive 
mi^turef The test is, therofore, a q^icate one ; and it obvious that, if 
the interior of a tank or other space be yenftlated until a sample of the 
^mosphere gives no flame-cap with this apparatus, an ample margin of 
safety wil^be provided. • 

In takmg a Sample of (he air in n. tank, the collecting vessel may be used 
in the tank, if the proportion of vapour present is known to be small, but 
even in such ^es it is better to employ a short auction-tube, the open end 
of which can be placed at the lowest point in the tank, where most vapour 
would probably be found. If, on thfl other hand, the atmosphere of the tank 
r^suspected to contain so much vapour that theie would be danger •of its 
producing insensibility when taken into the lungs, and especially if the 
compartment is entered through small manhole, it would •^bviously be 
most improper that any one should be sent into the tank, a^d in that case 
the gample should be taken by tln^usb of a long suction-tube reaching to the 
bottom. It is evident that in the case o{ thoNe tank steamships which have 
spaces not intended to be filled with oil, by t in which oil vapour is liable to 
accumulate, there wguld be no great difficulty in having a system of small 
tubing permanently fitted, which would admit a sample of the Atmosphere 
bemg at any time drawn* dff by means qf "the collecting cylinder in a part 
of the ship set apart for the* purpose, so that a periodical testing of the 
atmosphere might thus be effected during the voyage or at any other 
ti^le. 

It^ perhaps worth pointing out that qnangements have been suggested 
for rekindling a lamp without opening it, but authorilaes differ as to the 
advisability of putting sjich an irifetrument into the liands of a miner. 
"Wolfjp relighting contrivance consists of a strip of paper, covered with a 
row of spots of detonating composition, yhich can be drawn past the upper 
end of tne wick-tube, and at a short distance f 10m it. Each* spot when 
exposed can be ignited by if small hamme]^ anlthe flash produced i^ites 
the inflammable gaseous mixture surrounding the wick an4 then rejf^dles 
the flame. Thilf is intended to be appfled to lamps bunging benzoline. Iti 
Elsom’i^ method the wick is relighted by short matches, which are held in a 
rod passing o^u^h the lK>ttom of the lamp, and caq^be ignited by being 
broi^ht in contact with and robbed against a roughened plate attaj^hed to 
the side of the wick-tube. ^ • 

» Mia, Proo.^n8t. vol. aeaaioa 1893 94, part 4 L, “ The Tranaport of Petroleam 
iajplk.- by Boyerton Hedwood. 
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The importanoe of pr^Tenting t^e miner fcom conrerHng ^ 
into a naJced flame lamp m too obvious to need commen^. Jt^^is well jciqoii^ 
that in order to obtain a little more light for his work, the miner ivOl not 
hesitate to remove the gauze or frame or bonnet of his* lamp, although b^ 
so doing he incurs the risk of killing himself, ami it may be hundredd'iof hm' 
fellow- workmen. It ia therefore essential tOr provide some efficient means 
of preventing the opening of the lan^p. Some of the arrangements adopted 
for that purpose have been already referredrto. • t t 

The earii.^st device for securing the cage to the oiV'reservoir was an 
ordinary lock with a special form of key sufficiently long td pass througj:! 
some portion of ‘thi* frame. Fig. 300 (p. 337). This was soon superseded 
by a screw bolt made to work through k b(^ projecting from the side of 
the lower ring of the frame into a hole in the upper rim or other part of the 
oil vessel. Figs. 305, 308. WJien screwed up, the head of this bglt is coun- 
tersunk, and being either square or/triangular, can only be tunmd bjr an 
instrument like a watch-key. •It is, however, not difficult to open such 
locks with an extemporised ke^ or by obtaining a duplicate key. Some- 
times the screw is made 4 o pass through the horizontal surface cf the lower 
ring of the cage into a hole in the top of the oil yessel ; in •other cases the 
order has been reversed and the screw bol^ passes upwards through the oil 
vessel into the cage riqg, Figs. 317, 328, 333; whilst exanaples are not 
wanting wherein the locldng bolt extends from the intermediate frame 
ring into the oil receptacle. These latter arrangements possess the advant^ 
that ^hey do not necessitate any projection from the side of the lamp. 
Hasps with staples and padlocks have also been employed for this purpose. 
Figs. 304, 3*5, 329, 342 ; as also have screws w;th caps and various compli- 
cjited devices, which proved more or less inconvenient and imperfect, and 
have naturally fallen into disuse. * ^ ^ 

The best system now in use consists in coifnecting the lamp and case by 
a rivetted lead plug^ which is stamped with a special mark or letter, so that 
any tampering with it may be de^ectgd. For this jurjjose, projecting metal 
lugs are provided on the sides of the cage and oil vessel in such positio;is and 
so^perforated ^at the holes in tlfegi correspond ^hem the lamp is screwed 
up, Fig. 312; the lead plug is then passed^ through the holes and rivetted 
firmly by the use of a pair of pincers, carrying in one of its jaws a die with 
the selected device. In lamps having a movable bonnet, a second locking 
arrangement is frequently provided for attaching the bonnet to the frame, 
Figs. 330, 331. But contrivances also exist for locking both the boilnet to 
the cage and the cege to the oil vessfel at one operation. In, Kyderis patented 
locking apparatus,” a rod slides up and down in ho]es in the intermediate jnd 
lower ring of the fraiif e, and is long enough to extend beyond both these, rings. 
When, the bonnet is screwed or otj^erwise fixed in position, the rod is posh^ 
up into a ^^et mxjvide^ to receive it, and the frame is t^en screwed on to 
the oil vessel. When th^'l hare been properly adjusted, the rod drops into 
a sm^l hole the top of thb oil vessel, and at the same time extends 
ppwaShls th(x}ug^ t|;^ kame into the lower part of the l^onnet. All the 
parts are thus hela together and one lead plug suffices to lock thek. By 
a very neat arrangement, Byder has dispensS tyith th 4 f prolecting parts, 
The it>d slides through a brass b^ fixed underneath the intermediate of 
the fHhne, and whep all the parts are properly adjustod it e^nds bdth into 
the oil-can and into the bonnet ; hprizont^ holes in the boss and in the Vod 
respectively then correspond and a lead plug dnsertedi in* them is riv«^4 
and mark^ in the rmanner already desenbed. ^^lis forms ab cm^eed^Wy 
• neat and piimtical lock. M tii%Tbomeburry lamp, 322, the sHdJng 



to 4» i» aetttKtod^«t3ii6 li^p^.wkie)i;wh«D l»o:c^ti»i&to eomspondeikoe 
p tb« 1% B iJaJft t««e^red bjr ar lea^ rivet, thus lockm^ togafiteap ®be* 
dywawt |Mir$ of ilie A deAoe to ejtpei^ite the opevatioa of ri^M^ixig 

* hftiheen untarcBlt^ped uf Morgan^ The |kri>jectii»g taxis to xeceivetne seal azi^ 
iaa^h, loiogef tbaaa iliual, aad the •vertical hole which pierces the lower o&e 
d<M|| not completely extend through the upper one. The lower projeotioii 

* is, mcjreover, fomished with a spring catch which allows the cylindrical lead 

* plug us^ to be pushed «I)j^tut the plug has, near^he lower end, a groove 
into e''hich thd catclf fits. The plug when driven home is thus held by the 
ca^h and cannot be vithdrawp^^ neither can it be pushed out from below, 
the end of the*aipper projection , being closeck This is an expeditious 
^stec) oi locking, but one which affords far less security against tskmpering 
with than thosei, which involve the use of pincers and die. * 

It should be pointed out that the various systems of locking which 
depend on the introduction 9f a lead rivet Jnto holes or sockets set on or 
in the ca^ and oil vessel, so that th^ corre'^pond when the two parts of the 
lamp ai^ properly screwed to^ther^ possess a serious defect. The corre- 
sj^dence oeing of course provided for when the lamp is new, it follows that 
when the screw threads become somewhat worn, by constant use, the 
tendency is for the one hole to pass slightly beyond the other when the 
cage is tig:htly«crewed on to the top of the oil vessel# As it would then 
be impossible to insert the lea(| plug, it may be said that, when worn, the 
lamp oannot ’by this method be both securely (^osed and locked, and it 
follows that lamps may thus be sent into the mines imperfectly screwed 
together and possibly in a dangerous condition. To obviate this, the lower 
has in some cases been made to extend some distance round the oil 
.vessel, and has been perforated with a row of holes, so that there is always 
approximate correspondence between the hole in thu upper Ivfg^ and one of 
the perflations in the loVer plate when the lamp is properly closed. But a 
better arrangement than this has been introduced by Howat, Figs. 329 and 
3 59? one of the lugs, or it may be a hasjp, bf^ing attached to a countersunk 
moveable collar, so that whatever the condition of screw, the locking 
parts can always be brought into corr^pofidenoe. 

In addition to th*ese1fimple devices, locks for lamps have beett suggested 
and used which requ^e^ » strong magnet or an air-pump to undo them , 
others again, Cuv41iei'’s for instance, are fastened by a pin kept in position 
by means of a manometric tube charged with liquid under pressure which 
can only be released by means of a special machine, and in one contrivance 
tHI removal of the lock and pin necessitates the qnsoldering of a protecting 
plate.* 

• • •, 

11. Varlpns Parts of the Safety-Iiamp. 

• ♦ 

l( becomes necessary now to make a few general remarks in refeiipnoe to 
the various parts of safety-lamps. « 

• * • • 

2%e Frame . — ^This is needed to unitei; support, and !^p in gpsition 
, some of the component portions of She lamp, and,|t^mi|^ be capable 
of withstanding the rough usage, apd wear and, tear inseparable from 
coal-minii^f at athe sap;!^ time it is e^ential tha^ the frame should 
Eot^add greyly to the weigdit of the laznp. Fraifies • should therefore 
combine rigidity and^streng^ with lightness. In l^ps of sim^ cmi- 
p struction, sugh as the Bav^ lamps, the, frames consist merely of three ot 
moi^ stout, straight iron or^brass wires, which ave rivetted, in a vertical or 
iaj^ed posirion, to a substantial metal, ring below, and to a smallmr metid 
or plate aboee, the* loijrer ring, as utoat other salet^fi^li^ppo, being* 
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threaded to screfw os & the oil veseel, 297, 3^ 344, 305, Stephes- 
hunps were /umished with eimdar frames, the o^y modiiSoatiw ^ 
introduce^ being those which were necessary to retain the glass ae w^os 
* the gauze in position, and^co {umish the air inlets and air £jW&, > 

however, in these simple lamps an aiudljary ring is s(^ettmes> added ;*this 
screws within the lower ring of the frame and helps to ^support t^e ,gl^, 
forms part of the air chamber, or discharges |ome bth^ useful fupotion, < 
Fms. 301, 310, 311. IJhe top of the frame may be a metal ring supporting 
a flat, domed, corrugated, or arched metal platl, to which is attached the ring 
or hook for carrying the lamp. The plltp pro^tects the i^iiner^s hand from Wng 
scorched by the heated products of combijistibn ; it also pnfviiects the inteitbr 
of the lamp from falling matter, liquid and solid ; these remarks apply to 
to nearly all oth^r s(^fety<lamps. The next description of frame to be con^ 
sidered is that which was cdlled into existence by the requirements of the 
Clanny lamp. In this patten^, the frame is constructed in two stages, with 
an intermediate or middle ring, which may or may not be threaded ; this 
middle ling is connected with tlie upper plate or ring by the usual hjimber of 
stout wires, which are frequency jnclindli together at the top, the upper part of 
the frame thus having a taper form jgiven tq it. The middle ring is similaily 
attached to the lower ripg by five, six, or eight smaller wires, which are ' 
usually vertical, Fjgs. 303, 312, 313, 314, 316, &c. Thesei wires serve to 
protect the glass, and their smaller size is advarfoageous as they throw less 
shadow. In a few lamps^ the same rods f^rotect the glass and also qupport 
the upper parts, Figs. 307, 309, 321. 

In some lamps, Evan Thomas’, Fig. ^27, the Marsaut, Fig. 328, and the 
Thori^pburry, Fig. 322, for example, the upper part of the frame is dispensed 
with, the character of the materials, or the form of construction of the 
lamp, affording sufficient rigidity and strength. In some cases, the frames 
take exceptional forms : for instance, in the Gray pattern of safety-lamp 
the air supply ‘tubes form the supporting stays of tlie frame. Figs. 323, 324. 
The auxiliary ring within the lower ring*of tke frame, already referred^, 
is either perforated^or provided with notches, so that by the insertion of a 
suitable key or implement, it can^be screwed in or out, and release or adjust 
the glas8ea>or any other part it may te supporting.** ‘ 


The Oil Vessel . — The oil vessel,' reservoir j or call of the safety-lamp is 
usually cylindricsd in form, but has, as we have shown, been made in other 
forms, and is constructed with a neck in which the wick-tube or carrier 
is held by a threaded rinff. In this country, the oil vessel is usually maifle 
of brass, whilst on the Continent the material preferred is iron, but tqi and 
zinc have also been employed. ‘Eecently, oil reservoira have been con- 
structed with a brass body and tin top, with the object ‘of minimising the 
conduction of heat to the oil, for it is fqund that the vegetable oil commojd.y 
emjployed has a tend&cy to become gummy ” when continuously expoacd to 
a high'temnerature, and that in svteh a condition it does not freely ascend 
the wick, ‘^e oU-can uduaily hqs a small tubej>as8ing through it fnim the 
base to the top, in which ‘n wire, serving for trimming and adjusting the 
Vorks tightly. The top of the oil vessel is, as seen from the 

various ilLus^&idhi^ ^od^ed in many cases to meet the special requix^ments 
of the lamp; sometimbs, too, the reservoirs are^ traversed «by tubes for the 
admission of air, in, the oases of the Fieler, %[owat, and*' other laigps, 
Figs. 347, 314. lliis arrangement is, however, not a good one, as the inlet 
holes are liable to b^me choked with dirt whec the ]^p is placed on the 
ground in the mine*' In^me ca^, of which ^instknces bav^been givep, . 
the oil vessel has ^been made to contain self-extin^fuishing or otjpr 
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The Wi(^. — ^ 1 ! 3 ae«w|drB us^ in safety-lamps ^eegenWrally of plaited 
^tton ; asbestos has, however, D0§n partially substitutes for oottorf in^the ^ 
iOsapoSite wfcks of the Protector lamps; they are sometimes i^nd, som^ 
lines and in a few exceptional cases are*tubfilar ^Argand), the last form 
lefl^tating a* eei^tral air suppJiy. The wick-tube w Sat or round, and is 
s^Tiec^some distance both above and below the plate supporting it in the 
ammneck. A short* dista|ice above this plate, there is a slot in the tube 
nto which the curved end of the pricker can be insyted with a view of push- 
,ng up or drawing ^owh tne wick as desired; this slot should not be un- 
aecessarily large, for .when tfce^jfmp, becomes heated the wick may be ignited 
J^e if tny conaiderable area of is exposed. • With flat wicks, it is found 
iesii^ble to employ a wick somewhat too wide and too thin for the wick- • 
tube, for the wick is thus caused to assume a wavy foikn, Vhich is favourable 
bo the flow of oil to the flame, ffhe same resdlt is obtained if the wick-tube 
is guttered along one side ; fhe latter suggestion is due to A. H. Stokes, 
ind the former to Ashworth. Some special {orms of wick-tubes have already 
been ncjtlced, but one other, that aaopterl in the Rotherham lamp, may here 

described. The burner consisted of a gkssetube ^ inch in diameter, fixed 
concentrically in a cylindrical p^rcelain,tifbe | inc\in diameter, the annular 
space between Ihe two being filled with a porous ^cementing material. At 
the top, the pomelain tube was soraetvhat flattened so as to form a long narrow 
orifice f inch by about f inch, the ends of this orifice being spread out and 
turnejJ up so as to give it someiAiat of a V-shap^. A twisted cotton wick 
passed through the glass tube, and the oil travelling from it into the porous 
composition burnt at the narrow oaifice of the porcelain tube. 

The simple form of the pricker does not call for iurther notice, but it 
should be remembered that its function as regaids : aising and lowering the 
wick has been effected by different arrangements in the H^l, Thomson, 
Thorneburry, and other lamps. 

The Royal Commissioners on Accidents in Mines reporteS that many so- 
Mfed improvements on th(^ soli 3 cylindrical wick employed in the Davy 
lamp and other early forms of safety-lamps resulted in the production of 
flaring and smoky flames. They found that the best results were obtained 
with the wick used^n the Marsaut lamp. This was described as a loosely 
pkited flat cotton wi(^, 0*5 inch in widths and it was fitted into a wick-kiLe 
0.4 inch in width. With thi^ arrangement a good oil was found to burn 
satisfactorily for the maximum duration of a shift, if the wick was in the 
first instance adjusted so as to produce a fl^me not exceeding an inch in 
hfeight, and the pricker was useti occasionally. y?'hilst, as has been already 
pointed out, it is advantageous to employ a wick somewhat wider than the 
wick-tube, the wigk must not be of sueh*size that it i§ tightly compressed 
into the tube of carrier. Plaited wcks should be made t)f good long-^staple 
cxJtton loosely woven. *All cotton wicks absorb ij^oisture, and as this 
dimihishes their capacity to raise the oil by capillary attraction, it^follows 
that the wicks should be dried in front of the fire pr in an oven ipamediately 
before^use. Th8 wick shouW be only slightly l^ger than the aepth of the 
oil reservoir, and should be frequently renefW^ed, as the capiUpiy channels are 
liable to becomenqbatructed. .. • ^ 

• • • • 

The GlaSses.^The glagew used for safety-lamps are usually cylindrical in 

fo^pa, and* about 2 J inches in height by i J inch internal* Si^meter, the material 
being from ^ to ^ inch in thickness. In some cases, tj^e dimensiont of the 
glasses va^^soihe what from those givpn, and in exceptional oases, as for 
instance in \hajb of the B^inbridge lamp, Fig. 539, glass cylinders 4 inches 
uniieight are used, but such glasses are^ot only mor^ liable to be fr^ured, 
but possess the gesat disadvantage of oaring additional resfttapce to and 
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■ulding to the Wolenoe interna) ei^losioye. Efoeiiial patterns of . gliii ii i 
liaio been describ^, for exajoaple^ in ^jcx)Qnection with the Moin 
Afihwbrth-Hepplewhite-Grfty lamps, Figs. ^13 and ^324. an^* 
indicate that glasses of Vaxjous forms are employed. W i!heft 
lamp, in the l^p of Eoutledge and Johnson, in the Eioin* lamp, hnd 
in other lamps, glasses with parabolic surfaces have b€^ used. .G^las^ 
of lenticular and other forms have also been introduced, but none ofiAheee 
modifications has survived an extended practical test. Inv^ied para^loid 
glasses constituted the special feature of ColonefSnakespearVlainp, but .were 
found more liable than the ordinary^ to fall to pieces when craokf^. 
The advantage of conical glasses has beeiji £uready indicateid. Double glass 
cylinders have, as we have seen, been introduced in many lamps, the^nner 
glass sometimes taking the form of the ordinary lamp chimney, and at otheif 
times being simply a plain cylinder. In either case, the inner glass is usually 
thinner than the outer. In spme lamps, thd^ space between the glasses ia^ 
closed, in others it is open for ^the circulation of air, or serves as a channel 
through which the air current passes to 'the lower part of the bul’per. In 
one lamp which has been desmhed (se^ p. 366) the annular space betwd^ 
the two glasses is filled with compressed aip, and is thus used in connection 
with an automatic safety applhtnce. The obvious object of the double glass 
is to minimise the rj^k which may attend the fracture of the sitigle glass. 
The air between the two glasses materially reduces ‘the amount of heat which 
would otherwise be convej^ed from the flaine to the outer g^ass, apd the 
liability to fracture of this glass is diminished ; but, on the other hand, the 
inner glass is necessarily brought into close proximity to the flame, and is 
very liable to break through local overheating, especially when the lamp«>L 
used in an inflammable atmosphere, which may ignite and bum round the 
bottom of the inner glass. Moreover, when the inner glass breaks, the 
character oi the lamp becomes altered, its internal capacity, for instance, 
being largely iiicreased ; the lamp may* therefore by such fracture be ren- 
dered unsafe, even though the outer gla^ remains intact. Double glftlRSes 
have also been objected to on the*^ score that it is troublesome to get them 
to fit well. 

Flat glasses have been employed 4 n a few instances, in tin-can Davy 
lamps, and in some of the early forms of safety lanterns to which attention 
has been drawn. ^ / 

The glasses are, as a rule, supported between the lower and middle rings 
of the frame, and are secured in position by the auxiliary ring screwing into 
the lower frame-ring. As it is important that the junction between the 
metal and the glass should ber gas-tight and remain so, it is customary to 
place washers between the surfaces, eo as to allow of the pnequal expansion 
and contraction of ‘Ihe two materials. ,For this purpose, rings of leather, 
india-rubber, and various composition^, have beed used, but none of thfftse 
has been found capable of resisting the alternate heating and coolilig to 
jyhich it is subject^. Asbestos rifigs have, however, been found to answer 
admirably,* tfnd were accoVdlngly^commendedJay the Boyifl Commissioners. 

Mica has been used in* ihe place of glass by Parish, Fyfe and Hewetson, 
^ weh as in tHe Pendleton lamp, Biram’s lamp, and otljer lamps* It. no 
doubt possesSes the |^eaf jidvantage over glass that it will not crack as glera 
does when flame directly impinges upon it, but under the iiafluefice of strong 
heat it soon bedome^’ brittle, and is then liable to oe broken by a blow out, by 
pressuw. Moreover, a mica cylinder must fieoesaariljr be weak, ^d xdubt 
be made with at lea^D one jmnt, which is liable to be unsoudd. li|Cica thei^ 
fore cannot be regarded as si desirame substitute for glass. .. ^ ^ 

A protecting shield of mica has^ocoasionally been fit^ round the 
.bi^t even thutis not a satisfciot^iiy edition. Thd onlycmanner in 
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iAfdty*^^lil^p0 is ini tlie fomijjg ql what may be temped window^ in^hft f 
tftmeV thyd^pgh wl^ the .miner k enabled to inspect the gauses 
ascertain whether they acre bec^nftng dangerously hot. Fot 
thk purpose, s(!tipf«of mica moont^ in me^ frames are set in slote in 
tl^ Iwiyist. , . ^ 

Ae Game . — There reigns but little to be ^ded to the description 
already giveir of gaezes fo:? s^ifety-laii^s. A safe gauze should bear a deh- 
nite relationship to t^e volume ooqdned in the lamp and the surface open 
f A? the e#}ape ohd;)urnt gases ; *AiejQonical form, has been found to give the 
best results. • The mesh, at any rate in the case of the safety or protective ^ 
^gauze* must be such that there are not less than twenty-^ight meshes to the 
linear inch. In a series ot gauzqs, a larger m^h may perhaps be permissible 
for the inner ones. Gauzes ^f smaller mesl^than this have at various times 
1 i)een employed. It is important l^t all junctions in the gauze should be 
well macte, so that no openings rSay bo left; accordingly, the ends and 
edges are genemlly made to overlJ^ and, are»fa^ened together by folding 
and pressing or by wiring. Sqpietime^ amounted gauzes are employed, 
but the neatest and most effective method of applying gauzes to safety- 
lamps is to moijnt them in sheet-metal collars. The gapze is well support^ 
when held between two •properly litting bands, and these bands may be 
flanged and shaped so as to fit o^er the top of the glass, or under the rim 
of the*bonnet. In this way, a far better junction can be made than is pos- 
sible with the unmounted gauze. • 

M Copper, brass, iron, and even silver have been used for the manufacture 
of the gauze j it is generally of the ordinary iyp^, but woven ^uzes of 
special description have occasionally been adopted. In the ftchone lamp, 
for instance, the gauze rtsfembled basketwork, and in its behavfour towards 
heated gases was similar to ordinaiy»gauze doubled. * 

•mm • • * 

, The Shield or Bonnet . — These are invariably of ^heet metal ; either 
copper, brass, iron, zinc, or tinned iron, in some cases they take the form 
of plain cylindei*s ; !n ethers they afe perforated for the admission of air 
and escape of products of. combustion ; and occasionally they are mounted 
in a ring of metal, generally perfofated to allow of the entrance of air. 
Special additions are sometimes made to the bonnet, such as the upper 
batten or flange in the Evan Thomas lamp, Kg. 327, and the batten in the 
Tflorneburry. The bonnet k al:o frequently provided with a cover. In 
Bome^jases, the bonnet performs a particular Tttnefion in addition to affording 
protection ; thus jn one form of the Hbwat deflecto^ lamp, the bonnet 
forms pari of tfie deflector s}'Btem,*Figs. 329 and 330 ; %nd, as has already 
been explained, the borfnet has been used by Thojaas as an^ automatic 
extinguisher. In the sight light lamps, a glass shield k used, and is pr|>teoted 
by a sheet-metal continuation of the fraAe which has four long^qpemngs i» 

it so thitt the gauzes can alwgys be seen, * • 

• 

P* wed ae glvmincmt».--It^B ob.iwjsly in the^iighert degree 
the safety-lamp ehall be capable of fumkhing a simEAient and uniform 
%bt during^thc whole peric 4 that it is in use. Safety k, however, the first 
OQt^deratlon,*and the prmcipleB oi construdtion whidf&g^enoe has shown 
to be essential in minimising' the risk of communication erf flamU to an 
es^rfosive atmosjJhcre,*ara incompatible yith 1 h.e attainment of high illuscu* 
T i ftt i pg powrf. The Maraanjlamp with a wick 0.5 inch in breadth, held by a 
btfpez' 04 iheb in breadth, furnishes wi^h a good oil.a flame which in 

with two gaiizes hah an average illi yrfniiti pg power of slMmt 0.4 o&q; * 
• ’ S> B . 
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emSe, JJereithelees, fee efficiency of the^ safety-temp m a 
dxegely^ depends on ^ the selection of suitable iiJumimant I!fa« 
Oommissxonera, who carefully investigated this matter, came.co 
%ion tbiat ifeal oil was bettet tJJian rape oil (colza oil), and tlj^&t’a 
seal oil or rape oil (preferably the former). with half its ^Volume Of petrolfeoa 
having a Wishing point not lower thap 8o° F., wc^ far superior asi^ 
illuminant. e ^ * 

Vegetable and aniipal oils are more visgops than mineral oils, and 
ascend the wick by capillary attraction less readily; moreover, when 
subjected to the heat of the lamp they gradu^Iy undergo a chemical chan/^e 
mth the result that the defects referred fo become aggrafblted. xhe adi£- 
tion of petroleum to the fixed oil largely decreases the viscosity of the latter, 
causes it to pass up the wick far more freely, and very considerably diminish^ 
the liability to oxidation. *' o 

In the Protector lamps, the illuminant Employed is petroleum spirit 
(benzoline), and the oil vessel i^ packed^ with an absorbent material on the 
principle of the ‘‘eponge lamp” in which this spirit is burned for domestic pur- 
poses. The lamp is charged by saturating the sponge with the illuminant abd 
draining out any excess of the latter by inv/^rting the oil vessel ; in this way 
the danger which would otherwise attend the outflow of so volatile and in- 
flammable a liquid, jn the event of the lamp being overturned, is*^ removed. 

It is, however, essential to safety that the charging of these lamps should be 
effected where the combustible vapour which escapes cannot be a source erf 
danger by forming an explosive mixture with air or otherwise, and, having 
regard to the character of the liquid, the Poyal Commissioners commented 
strongly on its introduction for use in mines under the “ dangerously mts- 
leading name” of colzalene. The Oommissioners found that benzoline in 
the Protector lamp yields a bright flame, very easily extinguished by a 
current of kir. The flame remains of nearly' (instant intensity during 
the whole tiihe of a shift, the wick does not become charred, indeed 
the upper part is of asbestos-wool, as alfeadyimentionfid, and there i?"%o 
need for the employpaent of a pricker. 

In the Thorneburry lamp a description of petroleum intermediate 
between the ordinary burning oil ahd lubricating^ oil, having a specific 
gr^ity of about .830, and a flashing point (Abel te^t) not below 250“ 
is successfully employed, the illuihinating power of the lamp being very 
decidedly superior to that of any of the safety-lamps which were made 
the pbject of experiment by the Commissioners. Solid paraffin of low 
melting point has also been used in miners’ lamps. 

In the preceding account, an attempt has been made to, trace the evolution 
of the safety-lamp* employed by mine^, to classify as far'’ as possible the 
very numerous designs which the fertile brains of many inventers have 
produced, and to indicate some of the merits and defects of the principal 
^prms. ^ Within the scope of such an article, it has not, of course, been 
possible to*^ treat the matter exhaustively, an^ it has beeh the aim* of the 
Authors to furnish a general descriptive account embodying only such 
n^echaMcal detchls as are^ necessary for a comprehension qfethe principles of 
construction khd ^^‘tehar^cteristic features of the lamps. Beferencos have 
been made to certain lamps which ha^e not ccnxe into practical use, but 
has only been ddhe cases where some new arrkngement worthy of 
sideratiipn has been adopted. 

In some instance, remarks in reference togthe utility* of the yarions 
devices described havobeenmiade, bfit instead of attempting ajiy systeinatte * 
criticism it has been thought desiraMe to c^>pena the fo&owing' priitinTi|j(p^ 
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following figures fufnished by Mr. JoseplWr. Marlftn ^in^oate tbe relation 
*wk1lch ihe number cf 8afety-lam|)S in u^ bears to tbis number of ,per8<|^ • 
^employed the quantity^ of coal won in the^South-Westemalstri|^t. 


Safety-Lamps in Use, Perwnf Employed, . > Ontpot. 

1875 - 1.755 •» 34,136 . * 6437,32? . 

1880 ... 2,949 ... 29,811 .V. 7.997.879, 

1885 ... 5,047 ... 35,659*“ ... 9.478,018% 

1890 ... *9,400 ... 40,93# r . ... 10^223,922 

1892 ... 12,262 ... ^ 42,612 .. '' ‘10,^/144 . 




I-IS[I)EX, 




-l3-Mi».||2S * 




ABfORPTioiMpeotra of oils, ai ^ 

▲ccideHts With lulneral-oil lamps, 286 et seq. ^ 
A«Mlty of oils. 13 

supply to lamps, 291,. 293-5 
Alr>diflii8ers for petroleum lamps, 293 
Air-gns .uaehines, 326 
Aladdin ” muner, 197 
Alemblcal lamp, 254 * • 

Aleurites triloba^ oil from (see caiulle-nut oil), 40 
AU^heaiy petrolemn district, 102 
AUen^s test for roslu oil, 20 
Alligator grab, 148 
Amj^eau oil (sci petroleum) 
oll-fleldfi, goology of, 117 
— petroleum, 1x7 

Ammoniacal liquor from shale distillation, 220 
Anglo-American rolls for rape-soeeV 24 
Annual lato, 40 

Anucapnic ” petroleum lamps, 269 • 

Apftritus for distilling keayy iiydr<)parbo«oaH 
nnder pressure, 206 
Arachidic acid, 39 

Araehis hypogfea, oil from (see arachls oil), 39 
Araobis oil. 39 * « 

— — composition of, 39 ^ 

— extraction of, 39 # « • 

spediic grarity of, 39 * 

Arctic sperm oil, 44 * 

Aria's lamps, 282 

Aria railway carriage roof lamp, 334 
Attack from the cocoa-nut palm, 38 
Arrangement to preyent reservoir Ijoing soiled 
with oil, 285 
Argimd lamp, 254 
— — wick, 264 • 

Aiteslan well, first one drilled, in tho UnitlU 
• States, 137 
— — ^feU-drilllng, 136 
— — — In Galicia, 138 
— — weUi, tools nsecLfor drilling, 137 
Aahworm*Hepplewhue-Gray lamp.asit firo-damp 
indicator, 370 

miner's safety-lamp, 350, 370 
Ashworth's miner’l*l8*5ty-lamp, 351, 35^ 
Asphaltnob 129 

. — In TriuldM, 1 16- , 

AMatki, X971 i99e 
>Aili|ii^ lamp, 247 
Aitialin, 20X 

Atkdea ^fnme, oil ftpin, 3^ 

A»««f , t4a • . 

AwUxdave, I>e MUly^, ^ 

Dronx's ifisrlsontal, 51 
3>roitx*s spherlca^ 52 < 


Autoclave, with mechanical agitator, 50, 51 
AntiomAio extinguishers for lamps, 305 et seq. 
— — exiiuotion of minor’s safety-lamps, 365 
AutiM-rogulator lamp, 280 • 

Ayton’s n^ner’s safety-lamp, 342 

.* B 

Bailur, 144 A 

Baiubrldge minor’s sulety-lamp, 347, 358 
Baku, petroleum at, 98, 109 
— petrol enu) fields, iii 

petroleum fields, geology of, lao 

Balance, Wostphal’s hydrostatic, 10 
Ballardie minor’s safety-lamp, 366 
Bambouk buttjr (shea-butter), 37 , 

Band-wheel, i39 
Barbados p^rolenm, 1x6 ^ 

Bassia hutyrucea, 37 • 

latifolUiy fet Irom, 37 

— — Imgifolia, oil from, 37 * 

Parleliy fat from, 37 

B^’le chimney, 20 
“ Beacon ’’ spray lamm 324 
Bealfe’s coal-tar napbula lamp, 3x2 
^Boavor petroleum district, 102 
Behaviour of fet oils with solventlj 21 
Behwa, oil of {see oil of Bon), 39 
BSilby’s ref^gerator for extrdetiug parafiin xroha 
shale oil, 233 

Ben, oil of (see oil of Ben), 39 
Benkler’s burner, 258 
Benne olf {see sesame oil), 38 
Benzeni ^mpg, 3x1, 312 
Bcn/lno, 197 

Binih’ caudle moulding machinery, 79 

Bi ram’s miner’s safetj^lamp, 360 

Birmingham solar lamp, 258 

Blanks for night-li|d|ts, 96 

Blast or spray lam^, 319 

Bosk’s process of saponification, 58 % 

B<^bead coal, ^13 , ^ 

Bon^l an^Tubinrs inoombusnine wick, 097 

Boni^ or snleld of miner's safety-lamps, 385 

Bonneted Clanny miners' safaty-lamp,^! 

Boty miner’s 8a#ety-lwn|^ 344^58 * 

Bougies, 75 , . 

f Bradford petridoufii district, X02 
Brassica campestris^^ from, 22 
Broad's mineral spirit l^mp, 3x4 
Brominerabsorption of oils, 18 
Brybom’s miner's saHty-lamp, 358 
Bucket lights, 9*^ 

Bull-rope, xf2 . 

Bull-wheel, X 42 

Bfirmah.^llgging pcfboleum w^s in, 1^5 
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Barmali pttrdoiiiii at, 98, 

Bnrteri (cm lamp) 

Borner-domeH lor petroleifin lamps, 293 

Bamiog oU'timlls, .163 

Slarning oils, 183, 193-3 ^ / 

Batler petroleum district, 10a 

0 

OABLC-roBiosD Cat) dies, 95 
CBke-paring macblue, 26 " 0 

Calvert's test for oilit, 19 
ClambessMe's miner’s safoty-lamps, 364 
Oamellna oil (see sesame oil), 38 
Camelina gaHva^ oli from {aee Be8am6 oil), 38 
Camphiue lamps, 266 ‘ 

Canada, refining of petrtleup In, soi 
Canadian petroleum, 1 17 
— — petroleum industry, in 
Candle, chronological development of, 69^ 

— definition of, 68 

— — manufacture, 68 et seq, 

moulding machirfes, 79 et seq. 

Candle-nut oil, 40 c . 

Candles, cabled, 95 , 

— — dip (see dip candles) < 

fancy, 95 

mould (see mould candles) 

— moulding by machinery, 79 
— • perforated, 95 

— — self-fitting ends, 93 ^ 

— — spermaceti (see spemmoetl candles) 

spiral, 9S 

wicks for, 70 

“ Cap,” formation of a, Indicates the presence of 
fire-damp, 367 

— — formed in ditforont safety-lamps in presence 

of flro-dajnK 368 

Carapa guianensis^ oil »>om (see crab oil), 40 

— moluccensis, ofi from (see crab oil), 40 
Carburettors, 326, 329 

Carcel lamp, 250 , 

('arnauba wax, 5 

Caron’s stopcock, 246 ‘ c 

Casing dl-well, 153, 159, 168 
Cause of the pLOssttre of luitural gas, 122 
Cora Light Co.’s lamp lor bnruing soft pari^XSn, 
■ ’386 • ^ 

Champion burner, 273 

— — Improved, 375 

Cliandor lamp, 384 

Chandor's vapour lamp, 316 * 

Chateau's test lor oils, 19 c . t 

“ Cheese-box stlU for refining petrolbnm, 183, 
184 

Chemistry of petroleum, ^ 

Chimneyless lamp, 315 

— petroleum lamps, 377 

Chimneys lor petroleum lamps, 391 
Chinese petroleum wells, 1 16 , 

BU^de of ziim, sapouiflcatlon 0:^ fats by, 59 
Chronological a^lopment of the ciludlc, ^ 
Clanay's miner’s safety-lamps, 338; ^9 ^ 

- saf^v-lamp 09 c fire-damp indicator, 339 


lamps, 393, 


Cl;8arluglh« pipes jOfpljpo-liuea, 167 
Glookwork-fkni Ibr 8U|^t^£ag air^to 
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Clowes* experimmit8.on the sensitiveness of fire- 
damp Indleators, 370 te seq. 

— — > lamgDas 1 fire-damp indicator, 374 
Cochrane’s lamp, 366 c 
Cocoa-nut oil, 37 

— — — composition of, 38 , o> 

extraction of, 38 

Cocoa-nut olein, ^ * 


Coooa-Qpt pa,^, 

Coopf-nut stearin, 38 
Cocos ntte(fera (butgracea), fat 37 
O)onm butter, 39 . ^ * r 

Cohesion figures of oils, 3i ' 

Oohopn oil, 38 
Cohune oil, 38 

Cold pressing: fattjr netds, 63 « ■ 

Colour reaotipus of oils, 19 r 

“ Colznlono,’^386 ^ ^ 

Col*a-oll («f lape oil), 23 ^ , 

- adulterants of, 39 ' 

-j , — chemical composition of, 39 
eiJttactlon of, 23 f' 

— < extraction of by means of blsulphldi 
carbon, 27 • ' t 

- refining of, 27 

- specific gi'avlty of, 39 

- festlnp lor Impurities, 39 

- yield of, from rape-seed, 33 
Cpmbfc’s miner’s safety-lamps, 358 

■ Ijomet ” spray lamp, 334 • 

Compressed oil -gas, 324 t 

Constituents of American petroleum, 130 

- of Caucasian petroleum, 131 

- oi Galician petroleum, 131 

Contlnnons still for refining petroleum, 185, 
•Cooronglte, 129 t 

Copra ” or drtdd cocoa-nut kernels, 38 
Cosufos” burner, 284 
Cost of drilling oil-wells, 159, 1^2 o 
Cost of drilling plant, 178 
Cotton- seed oil, 29 

— ^ action of cold on, 31 f 

annual production of, 29 

as an adulterant of olive oil, 34 

colouring matters of, 31 

— L exvactlon of, 30 

refining of, 30 

testing for, in olive oil, 34, 35 

CowIjs’ caMle moulding machine, 89, 90 4 
Cowpor’s fmprovoments in candle moul 
machines, 86 

Crab-oil (or Carapa oil) 40 

compositioiyof, 4Qi 

— — molting point 6f, 40 
” Cracking ” ende petroleum, 193 
— — heavy mineVal'blls, 304 
Crane’s ifclner’s safety-lamp, 360 
Crossley’s miner’s safety-lamp, 363 
Crowley’s wick tube, 290 
(’rown- block, 139 
Crown-pull^, 142 

Crystallisation of fatty acids, 6 a » 

Cylinder oil, 199 

Cylinder still for refintnfl^ p(!itroleum, 184 
CjiLQOgene, 191 , 

— composition of, 192 


Davm’ flreLtrler’s lamp, 373 
“ Davy in case,” 342 
DuVy safety-lamp lor minws, 336 
Defries’ “ Artisan ” lompjCsgb 

lamp, 377 * 

Defries’ and^I^ny*s “ pn^matitf ’* lamp, 30 
De Mllly’sautoUave,49 ^ • 

process of saponification, 58 

Depth of Calilornlan oil-wells, 163 

of Gallrian oll-^Us, tjg » 

— — of Busslon oU-wolls, 171 0 

Derrick, 139* o * , 

Desiderata for safety-lamps, 340*^ 
Dewar-Kedwoo4^till foi^petroleum, so6 



IMSEX.* 


3^ 


^'JmmODd '^ vpmy lamp, 333 
Dl|glii{r «ito wellK lu Bumah, i3< 

■filr pettB^enin ifeBa lu Italy, 136 * 

■ TOtroieam wellp in Japan, 133 
Dip Indies, 6st 7a, 73 * 

Dicing candles, 72 

DlsWer^of petroleom^n ieinorlcn, 100 
DlstlljilBion of fatty acids, et 

of shale for mineral oil, 21^ 

- Hcnddrsau sy^ni, a^6* • 

— - Young and Beilby sysiom, 219 • 

l^ty triplex burner, 273 • * 

Douglass doneotor, * 

Dowdall’s autongitlc .extinguisher, 305 * 

iprake ^troleuin ilrell, 100* 

Drawing tapers, 74, 

Drilling oil-well, time occupied in, 158 ^ 

• oil-wells, 168, 173, 175 « 

plant, cost of, 178 

tools for iKiring artesian wells, 137 - 

watorllush system, 168 

Dsllls, 149 A 

Ifroux’s horizontal autoclave, 51 

spherical autoclave, 52 ^ 

Drying oils, 8 
— — ^ oa:ldation of, 8 

Dubrmle’s device ftr automatically extlr ni i* 
ing miner's safety -1 am i)8, 3^^ 

Dubriinfaut’s process of snpoititic.»tlon, 5^ 
DumesSil’s uiiuer’s safety -lamp, 364 

. • * E 

Eauly petroleum lampt<, 267 
Earth-nut oil (see arachis oil) 39 
ElaTdiu, reaction of, 17 ^ • 

EUttorlto, 129 • 

Eloln miner’s safety -lamp, 346 * 

*4 ^-nire ” chimucyloes ,^mp, 277 • 

Evans’ nntomatlc sell-extUagulshfbg minor’s 

safoty-Iami’* 366 

miner's safety-lamp, 360 

" Excelsior ” Argand lang), 378 • 

duplex lamp, 278 

Exports of petroleum from tha United States, 
107 • • 

Extinguishing appliances for lamps, 3*5 


ifiiNCY candles, 95 

Fat from BaeMa Barkii, 37 , 

from Cocos nucifera ( bvtyracm), 37 

— from 6’orcf^teg iruUm (cocuiu butter), 39 
■— from Hhw mcceaunfo, (Japan wax), 40 
-^from Stillingia sehittra,,ox tallow firee 
^ (vegetable tallow) 40 
Fats, 4 

— — animal, 40 

— — ecgnpo^ltlon of* 4 

— — free fatty acids in, 14 • 

— molting points of, 11 
— percentage of a^ycerol obtained from, 16 
— ~ saponlflcatlon^l* 6, 15, 48, 52, 36 " 

-J1 — -S — by chloride of zlac, 59 

— — by time, 4^ • 

by stflpimrlc acid, 5# , 

-J#L. — — by superheated stoniu, 55. . 

_ — — by water underpressure, 52 
sfliidifylim points of, ix ^ 

— — « vegetable 32 
Fatty adids, cg»U! pfessfatg, 63 • 

i|bu. cryAalUsatlon and pressing of, 62 
. — diitlllatioi^f, 59 •, 


Fatty adds, hot pr^a^ng oft 64 
— t- melting points of, 13 • * 

— — — — recovery of, from tho exprsassd otf 
. (oleio acid), 64 , ^ 

V %f. gr. of, XI • 

Fetding-cake paring machine, 36 

Fen by system of oil supply to several lamps, 

304 

Fire-damf) indicator, Ashworth-Hepplcwhite- 
Gr^ lamp as a, 370 

— — Claniflr’s safety-lamp as a. 339 

Gray’s lamp as at 368 

— — Hyde’s lamp as a, 367 

— — Ijydrogen flame as a, 371 

— miner’s safety-lamps as, 367 

— — — IMeler's lamnps a, 369 
“ Fire test ” (see filching point) 

Firing-bAd for oil-well torpedoes, x6i 
Fishing tools, 145-X49 
Flamhaaux, 69 

Flaehlim point or “ lire-test,” 191-X94, 200-203, 

' 287 

Flowing oil-wells, 159 

Formatilta of a “ cap " as an indicator of fire- 
• damp, 367 

Fosler's mluerVsafcty-lamp, 343 
Fountain reading lamp, 245 
Frames of miner’s Kiigjty- lumps, 381 
“ Free-fall Jars,” T38 
Fruit of the oil palm, 35 
Fumat mlneals safety-lamps, 347 
Fyfe and Hewitson’s “ Improved Clauny ’* 
minor's safety -lamp, 358 

G 

Galam butter (shea-butter), *3g 

Qullcla, artesian woll-drilling in, 138 

— — production of petroloAj and ozokerite in, 

175 

■*— - Tfiining pctiuleum in, 203 
Galician oil-fields, g|plogy of, 121 
— •- petroleum, 99, loo, 112 
> petroleum Industry, 112 
Gallory elevators, lamp, 309 • 

Gaarduer miner’s safety -lump, 346 
Varcinea indica, fat from (kee cocum battOT)^ 39 
Garlorth miner’s safety-lamp, 357 
“Gas-maker” vapour lamp, 315 
Gasogbne lamps, 311 
Gasolene, 191. 197 
Gauz%<^ miner's safety -lamp, 385 
mineral splut lamp, 313 

Gdbloglcal conditions under which petroleum 
occurs, 122 \ 

Geology of petnoloum, 117 

of the Amerkan oil-fields, 117 

— — of the Baku Rl-flelds, 120 
-4N— of the Galician oil-fields, lax % 

“ Geordie " w^ety-lamp, 338 , 

Giigfelly <Jl (see sesame uH), 3© 

Glra«d’s fountain lamp, 244 
Qissing’s ntiner's safety-laii^, 358 ^ 

Gliissner’s leshfor olls^ n ^ 

Glasses of ngner's lft«!y-lamps, 383 
Glover and Call*? miner’s safety-lamp, 348 
Glover’s miner's sa^ty-lamp, 358 
Goa butter (see cocum .butter), 39 
Go- devil ” torpedo, 161 • 

Gooch, Yarley and^Lldstone’s wick, 297 
•iGrabs, 145, 147 

Grassbop{ilr lot pumping oil-w«l|s, 163 
G I ay’s lamp as a fire-damp iudlea;tor, 36Q 
— ^ m^m-r’s safety-lamp, 3.^ 
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Oron&d-Dut oil («ee araohi«^l)7 39 
OvU^gadim moringa, oil from (»c« oil ol Ben^, 
39 • 

Guixot oil («ee <Eam>til oil), 39 
Huizotea oldjiray oil from (Uam-tll ^), ^9 

H 

HALii’fl miner's safety-lamp, 348, 364 
Hampton and Son’s perpetual lamp,” 284 
Hand- frame for mould candles, 77 
Hann's miner’s safety-lamps, 341; 

Hanohcorne’s test for oils, ao 
Haworth’s miner’s sdJety-lamp, 361 ' 

• Hearson’s “ Sun Automatic Gas-lamp,” 317 
Heavy oils, conversion dl, into burulug oils, 204 

et seq. ^ 

Heinrich’s asbestos wick, 296 
Heinzerling miner’s safety-lamp, 361 , 

Henderson’s continuous refining still, 221 etseq. 
— — method of refining paraffin, 237 * ' 

— — refrigerator for extracting paraffin from 
shale oil, 232 c t 

Hero’s lamp, 244 • 

self-trimming lamp, 247 * * 

Hill and Thumm’s still for refinkig petroleum, 
189 ^ 

Hink’s duplex burner, 269 

pedestal lamp, 284 

Holliday’s coal tar naphtha lamp, ^la 
Horn’s minor’s safety- lamp, 347 
Hot pressing fatty acids, 64 
Howat’s arrangement for locking miner’s safety- 
lay ps, 381 

— ■ deflector miner's safety-lamp, 353 
— — miner’s safety-lamp, 346 
Hufl" s vapour lay p, 319 , 

Huguos’ saponification ai>paratuB, 53 

apparatus for tlie distillation of fatty acids, 

62 

Humble miner’s safety-lamp, 362 , 

Humboldt's miner’s safety-jam p, 336 
Humlston’s c-andio moulding machine, 84 f 
Hutt’s self-fitting candle moulding machine, 94 
Hyde’s minor’ll safety-lamp as a fire-damp in- 
dicator, 367 t 

Hy\lr 1 )gen flame as a*flre-damp Indicator, 371 * 
Hydrostatic balance, Westphal's, 10 


I 

t « * 

Impbov£D ” champion ” burner, 275 
Independent air supply for lamps, 295 * 

Indian petroleum, 116 ,* 

Indicators for showing the oU-levcl in a lamp 
284 ^ 

Iodine absorption of oils, 18 

Italian pe'iroleum, X14 « 

Itty, digging pe|roleum wells in«x3^ 

t. 


• • * ^ #1 * 

Jagoert from cocoa-nut paln^ 38* 

Japan, digging petroleum wells in, 133 
Japan-wax, 40 * * 

> meltl^ point of, 40 
— — ’ specllRt gravity of, 40 
” Jars,” 137,138 * 

Johnson’s automatic extinguiiher, 3OT * 

Jnllen and Blamski’s apparatus ^for the distilla- 
tion of fatty acids, 62 , , 


t 




Kxir'b lamp, 247 

Kempson's *^1X0 plos.nltra ” sjjnfay lamp|,32,] 
Kerosene, 191, 192, 199 , ^ ^ 

— — purification ot lofi, 199 

transport of, 209"* 

Kidd’s air-gas machlije, 307 

King and Gooey’s automatic oxtingnisi^, ^00 


Lamp (til-), Alembical, 23^ 

i Argond, 254 

■— ” Astral,” 247 . * 

— “ Automaton,” 247 
— Birmingham Solar, 258 • 

— Garoel, 250 
— CardatM, 245 

— Defries and Feeny’s ” Pneumatic,” 300 
Diacon, 249 
— Double wicked, 264 

— ” Elliptic,” 250 
— Girard’s, 244 
■— Hero’s, 244 

— — — self-trimming, 247 

, ~ Keir’s, 247 ^ 

Livorpool,^255 

Meyer’s “mllptle,” 250 

Uroderator, 247 « 

” Pneumatic," 300 

— Roberts’, 256 
i- Roberts and Uptou’s, 258 
— St. Clair’s, 247 

Sinumbra, 250 

Solar, 258 


— — • Vesta, 2^6 
— — -wicks, 203^ 264, 


29s 


. > 3^2 
^ Worms', 250 

Young’s (J.), 260 

%ung«fl (T.), 250 
— — • vesta. 256 
I Young’s (W.), 260 
LLamp (petroleum-) (ice |lso mineral spirit lamps) 
‘ — “ Anucapni(^ 269 

Aria’s, 282 

“ Artisan,^’ apo « 

— — Aut<a-regulator, 281 
— — - “ Beacon " spray, 324 

“champion,” 273, 275 

Chaudor, 284 

chlmneyiesH, 277 

chimneys for, 291 

Cochrane’s, 266 

“ Comet " spray, 32^ t 

— a- “ Cosmos,” 284 
— — Defries’, 2^7 

— — “Artisan,” 290 

Devol’s “ water »>afoty,” 3C39 

diamond ” spray, 323 


Doty, ^3 

— — “ emplro,” 


empUb,” 277 
“ empress," 293 
“ excelsior argand,” 

“ duplex,” 278 

“gas maker," 315 „ 

Hink’s •* duplex,” 26^ , , 

Hitebcook, 293 

Independent oil supply for, 300 
“ Inmpe Beige,” 177 
“lampe farttas,” 278 - 

Lavender’s, 294 . * 

“ LlegeoW,” 293 * ,* 

— Llghbody’s, ^78 
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Ump, *‘laeig©a,’* 3 i 9 4 i 1 . 

. — Lyle and Hatiimy’i ** loet^^ eprityj ^9 
J|-> ** Kaiilia^Q,^* iSo 

« n#llo!ir «9| (ioot-Bpte) 

-Jii- “ i]m||;nfc|lletrar’ ayS 
— pl^«ultr^’ Bpieyt 324 ^ 

— Newton's, 266 * 

-A-<‘paerieBB,’' 277 • ^ 

Benn’s, 301 

—2— ^perpetual,” 284 
— — ' '* phoenix pernetaal,’' 296. • • 

«** protector 8Mety,'*29o 

5 — railway carriage roof^33i • ^ 

5 — “ regiBator,” 2^ ♦ § * 

Roberts’, 268 • 

— — -4 — “ geA,” 268 • 

“ Rochester,” 279 

— — Rose’s ” beacbn ” spray, 324 

— — “ diamond " sjiray, 323 • 

Ross, 295 • 

— Rowatt’s * nnucapnic," 269 

— “ royal argnnd,” 279 • 

-^5 — RuiBlaii. 284 

r-— Scott " spray, 324 • 

— — “ Shaftesbury wifeiy,” 306 

Sberring’s “ Vlcioila safety,” 290, $07 

- — sliips. 33a 

Silber, 270 • • 

“ Star,” 280 4 

StobwasKor’s, 268 4 

— — §iigg*» “'if’estmiustcr,” 279 

” Sun-bliigo,” 280 

’* Sun-light,” 283 

•Trotter’s .Aadowloss pendant, 2O0 • 

“ Vfsta,” 268 

” Victoria safety," 270 

— — ‘W alsh’s, 290 

— — “ Wanzor,” 293 , • 

■4 — “ Water safety,” 309 • 

— Waterbury, 280 • 

Wells’ spray, 32 1* • 

— — Young’s (G.), 270 * 

Young’s (J.i, 270 

— — — “ Vesta,” 268 

** Lauipe Beige,” 277 4 ^ • 

Lampe Veritas, 278 

Bamps, 243, 265 ^ 

accidents with minoi%l- 9 il 7 286 et geq, 

air supply to, 291 • 

— — undent forms of, 243 

extinguisbing appliunces for, 305 

• — for burning AximI oils, 243 et svq. 

for burning soft iMiradins, aB-, 

— ■•for mineral oil, 265 

petroleum, principles of construction, 286, 

288 • • 

ships’, 332 , • 

Bamp- wicks, 263, 264, 395 
Lart, 40, 42 
— — adulteration of, 42 

melting point of, 4a 

l4ard-9ll, 43 * • 

adulteration of, 43 

— — composition of. 43 

specific graiB^of, 43 * 

Lard-«tearin, 43 

Lavender’s lamp, 2*94 - * 

lieecb's dfviceefor lutomatici^y ^xtlng»ilsbi”.g 
# miner’s safety-lamps, 365 
Light given by Argand and flat-Wibk burners, 
,389 • 

— — niumln^lng effect of, of Itm intensity, 3 
— — obtained by Jncandeseenoe,^ 

H producM by obenlsal action, 1 

^Llghbody's lamp, ajB • 


Lignite, prodnetlfii of ndnoral-oll from, 2x4 
Links, 69 ^ , 

“ Liverpool button,” 256 

Liverpool lamp, 253 « 

Lothammer’# air-^ machine, 32^ 

Labiicading oils, 182, 199, 300, aox 

Lucas’ miner’s safety-lamp, 36a 

“Luclgen” lamp, 319 

LUdersdorff's vaponr lamp, 310 

Lyle and Hannay’s ** Indgen ’* spray lamp, 319 

• M* 

McKinless miner’s safety lamp, 363 
Machine lot dipping candles, 73 
for drawing tapers, 75 


M^.hlnory oils, 196 
Mackworth mlner’#Bafoty-lamp, 358 
Madia-oll, 35 

Jfahwa-oll (or Mahwa butter), 37 
i^eclflc gravity of, 37 
Minigosteen oil (see oocuiii butter), 39 
JWbnhattan burner, 280 • 

Manffiol^’s benzene lamp, 311 
Mi^ggosa oil (neem oil), 40 
Wa**saut mlner’a safety lamp, 353 
Massic's test fpr oils, 20 

Maumend’s temperature reaction with sul- 
phuric acid, 16 * 

Maxim’s carburettor, 330 
Melia axedarachiOy oil from (see noem oil), 40 
Melsen’s sapSuillcatlon apparatus, 5a 
Meubaden oil, 45 

— — extraction of, 45 

specific giavlty of, 45 

Meyer’s elliptic Hmp, 230 • 

Michel’s appanifutt Uit tiie distillation of fatty 
acids, 62 * 

— saponification apparatus, ^4 
Million lamp, 297, foot-uoto 
Mineral spirit lumps, 310 

Beale’s 312 

S Broad’s, 314 

— p Chandorw, 316 

— — “ Gas-maker,” 315 

Gedge’s, 313 

— j Holliday’s, 312 

Huff’s, 319 . 

King’s, 313 

Mansfield's, 31 1 

— — Newton’s, 314 

— ” Orion,” 317 

rousebkarefl’s, 31 5 

ifUcey’s, 3 15 

Stringfeiiow’s, 316 
Bun Antomatio Gas-lamp, 317 
Miner’s safety-lamp, 335 (sec also safety lamps) 

— Ashworth’s, 351, 356 

Ashwoith - Hepplewhite - Gray, 351, 

• 370 . ^ 

— — Ayion's, 342 ^ 

— -OBiflnbridge’s, 347, 3 S». 383 

—JL — — i^iallardie, 366 

S — bonnetod ClttU||^ 35r 

Boty’s, 345, 358 

5fhani***8 •• 

— — (AmhessMes, 364 

— Clunny’^ 338 

Combe’tf 358 

— Crane’s, 3^ 

— — Crossle^, 363 

^ I>avy, 336, 341 

■ —— »’* Davy in case,’ 3(2 

Dn^esnil’s, 364 

i_- Kloln, ^6 



lUner's safety-lamp, Kvafl*!, 366 
- — — f'oster’s, 343 
— — y— . Fumat, 347 “ 


. Newtou’s petrolewti 1 ^]^ 366 
NJg^ oit (see lRaiBk4U oU^ 39 


FyfeimdHGwttson’s Improved Olanny, 1 Non-dry tog oils, 8 


• 358 «»- •* 

— Gifcrdiier’s, 346 

Garforth’a, 3S7 

♦♦Gecffdle,” 339 

Glaelng's, 358 

— Glover end (Jail’s, 348 

Gray’s, 349, 368 4 

— — — - Hall’s, 348! 364 

Hanns’, 345 

— — Haworth’s, 361 

— — Helaaerlin^’s, 361 

I Horn’s, 347 

I — Howet, 344 ^ 

Humble, 362 

Humboldt’s, 336 

Hyde’s, 367 

Luces, 362 

— — MoKlnleSs, 362 

Marseut, 352* 

Morgan’s, 356 

— — Morlson^, 349 

Mueseler, 354 * 

— — now Fumat, 347 

old Fumat, 347 ^ 

Feltons’, 349, 353 

rendletou’s, 363 

Porkins', 342 « 

Pleler, 343, 369 

— — Purdy, 346 

Koutledge and Johnson’s, 343, 359 

tSuiethurst's, 347 

— Soar, 346 


Nungu butter (shse batter), 47 


- Stephen^n’s, 338 

■ Teule’s^iston, 157 


— — Teule’s^iston, 157 

Thomas’ (Evair), 349, 351, 352 

— — — — Thomson’s, 353 

— — Thorneburry, 349, 359. 380, 382, 386 

— Timmis’, 347, 3^ * 

Upton and Kober|s, 344 

— — — — — Weannoutli, 342 t 

— — . Williams' improved Cambrian, 360 

WlUltmsou’s, 348 

Mitrailleuse burner, 2^8 « 

Moderator lamp, 247 * 

Mordue’s apparatus for the distillation of fatty 
acids, 61, 62 

— — • candlo moulding machine, 88, 92 ^ 

— — press, 63 

sell-IlttiDg candle moulding mfvchinei 94 

Morgan's candle moulding machine, 81 

miner’s salety-lamp, 3C6 * 

Moringa oleifera, oil from j^ee oil of Ben), 39 
Morlson’s miner’s safety-lamp, 349 
Mould candles, 69, 77, 79 « 

Moulding candles by machine^, 79 
“ M^se tiyiip,” Ashing tool, 147 *' 

Mlmelor mlner’e (jefeiy-lamp, 354 • ^ 

Myagnm saft'tmm, oil from (see sesai|^ oil), (8 
Myrtl^wax, 40 • 

— - m'eitii^ point ol,^o 


Naphtha, or petroleum spirflt 183 

National Timnsit Co., trunk lines owned by, 166 

Natural gas, cause of the preuure of, 122 

to the United States) 168 « 

Ne Fins Ultra ” spray lamp, 334, • 

Neem oil, or Mergosa oil, 40 
Newton’s mineral spirit lamp, ^14 ^ * 

• • *' « e 11, 


OoDEN and i^derson’s automatio extingiijsher, 
306 

Ohio petrol^hnl Aelds, lor, 107 • 

— Silver Plate Co.’s candle moulding maobtoo, 

Oil, arid^s (see aroohis oiI ^9 ^ ^ 

—— * 3 enne (see sesame oil), 38 

« cemelina (see sesame oil), 3d s 

candle-nnt, 40 ^ * 

— — ^oa-nut ‘see eocoa*nut oil), 37 
C^hooi^ 38 

colza, 22 ’ f 

— ey cotton-seed, 29 ; * 

— crab or carapa (see oi'ab oil), 46* 

-y- earth-nut (see arachls oil), 39 * , 

from Alturitti triloba (oandie-nut oil), 40* 

from Arachii hypog/aa (arachis oil), 39 « 

frdin Atialea cohune, 38^ 

from camtlina aativa {myagrutp, 8ativtim\ 

• 38 • 

from Carafa guianensig (crab oil), 40 

— ^ moluccensis (crab oil), 40 

from Ouilandina moringa *oll of Bo*;, 39 

from Guizotea oleifera (Bam-til oil), 39 

from melia azedarachia (Neem oil), 40 

— — from moringa olei/'era (oil of Ben), 39*" ^ 

— — from Sesamum indicum (sesame oil) 38 
— Gingelly (see sesame oil), 38 
— jfround-nut, (see Arachis oil), 39 

Guizot (se# ■p.am-tll oil), 39 

lard (see lard oil), 43 

— Madia, 35 

— — Kahwa^see MahwdKiil), 37 
— — Mangosteen (see cocum butter), 39 

Margosa or Neem, 40 

— — Neem or Margosa, 40 
. Niger (see K|fQ-til til), 39 
— of Ben or B«hen, 39 

of Illlpl, 3J6 , 

' gpeclAo gravity of, 37 

— — oUve*(8ec olive oil), 31 
— — » olive-kernel, 35 

palm (see palm oil), 35 

palm-nut (sec palm-nut oil). 37 

— — iiea-nut j(see arachis oil), 39 

. Phulwora {see Phnlwara oil ), 37 * 

— — - Bam-til (sec Bam-tll pll)j 39 

Kangoon, 100 

— S rope-seed, 2a 
— «- seal (see seal oil), 44 

sesame (see sesame oil), 38 

shark (sec shark-Uver oil), 45 

shark-liver (sec shark-l^ver oil), 45 ^ 

sperm 4cee sperm oil), 44 

- teel (see sesame oil), 38 
— — - train (see whale oil), 4^^ 

. vessels of miner’s saloiy -lamps, 382 
r — whale (see whale-oil), 43 • 

Oil-gas and oU-supply, 324-1^ • 

oomposiUoiAot, 325 • » 

from.cpide i>etroltam, 20B 

) _ manufacture, 324 
Oils, absorption spectra of, 2 f w 


Oils, absorption spectra of, 2f w 

—— acidity oliri3 ■ fl 

—— action of eulphur ohVwfdo on^an 

bromine and iodine absorption of. iS 

Cahert’B an^Ohateatgs tests, 19 







Oilii, eoftuMlon o( 9 | ; 

, •* — oolonr Tf nctlims of, 19 ^ . 

-f-Hrytog,8^ •* . 

■W7- ola^iu V^Mon of, 17 ^ 

• foioi in, 14 
— • 

-7— oxidation of, 8 • • . ' 

♦ by exposureyto air, 23 , . 

* »-->>» juroentA^e of glyeorol obtaiJMd from, 16 

— ^fancldvty of, 8 * • 

rise oi tompo^tare when with anl- 

* phurlo acl^ 17 • 

— — apedfio gravity of, 10. ii • • 

2 — testinfof, 9 ^ * •# * 

— — used as illamiiWots for miner's apfety- 
^lampe, 385 • 

vegetable, 32 

viscosity of, ^3 • 

OU-sujpply for lamps. Independent, 244, Jbo 
, Oil-wells, be^rt sites lor, 145 * 

•-V— barulng, 163 

oaWhWi 153. IS 9 »' *68 • 

— oosIpoI drllllnjf, 159. 17a 
*— • depth of In, Galluui, 179 • 

. drilling, 168, 173, 175 

— — of, In United’ States, 149 «f 8^^ 

flowing, 159 

pumping, i6p 

record of accidents in drliyng, 153 

risks In drilling, 162 ^ 

laction of, *154-157 

spouting, 171, 172 

strata through which it passes, 153* 

——♦rime occupied in drilling, 158 " • 

• • — tonierlolng, 159-162 
“ Okonlte," 204 
0 /ea europtea, 31 

Oleic acid, apparatus for cooling 64 * 

conversion of, iutoT>almUio acid, 65 
Olive, cultivation of the, 31 • 

“ maro,” 32 • • 

01lve*oll, 31 

— adulteration of, 33 
extraction of, 32 

— — gpeclflc gravity of#33 ^ • 

testing, 33, 34 

testing for sesame oil and^otton-secd oil, 34 
OUre-komei oil, 35 • • 

Origin of petroleum, 123 • 

•♦Orion " vapour lamp, 317 
•‘ Omega ” carburettor lamp, 332 
#xidatlon of oils, 8 

— of oils by exposure to air, 2a ^ 

Oxoloiine, 204 

Ozokerit, 204 
Ozokorile, 729 * * 

— industry, 113 , • 

-■k— - mining, 179 et sag. 

— • occurrence of, 181 

— physical properties of, 129 

— produotira in Ualieia, 175 
Aflntng of, 203 


Pkhitor's fbhUb odfeie 4 ontllng maelijltit, 86 
— aeoend oai^e Ihmldlng maoMtio, 8a , 
Pwmflln, 183, 195 # • t • 

e^ttnwttng, from shale oil, 43a 
•-». — fkmn npat, 213 ' ♦ . 4 

mfnuf^ture, 232 et aeg, 

monnftictttre ot frwapetirolettm, too 

— — properties of, 195. 

— fefli)lBg« 235 «t Mg. 

— revolving dnim refrigerator tor extraeting , 

232-234# 

— upright oyltodrloal •refrigerator tor ex- 
tracting, 23p 

uses of, 195,11:96 
Paterson’s 3 ) 1 1 -gas apparatus, 325 
Pea-nut oil (aee ara^is oil), 39 I 

l^rless chimney iMB IfMlfp, 277 
Poitou’s miner’s safety-lamp, 349, 353 
Pcndletra’s miner’s safety*lamp, 363 
I'enn’s lamp for burning heavy Oils, 301 

system of oil supply to several lamps, 30! 
Psrfomted candles, 95 
Jerkins’ miner’s safety-lamp, 34a 
“ P^pe^al lamp,” Hampton and Son’s, 284 
Pigrolcum, 97 
■ at Baku, azi 

— “benzlie” 192 

Caucasian, constituents of, 131 

chemistry of. i 9 g 

— - oonatltuouts of, 130 
crude, ^transporting, 165 

by pipe-lines, 165 

in Canada, 174 

in Busaia, 173 

dlBCoveiy of, In Galicia, 1 12 

discovery 0", In Pennsylvania, 161 

— — earliest inrntlon of mineral, 98 

— ether, 191 • 

— — exports of, from the United States. 107 
—— flashing point of (McSflashlng point) 

— Galicia, constituents of, 131: 

— — g( r.eral histciy of, 97 

I*--., geographical distribution of, iz-i 

geological coiAltlons under which it ooenrs, 
122 

geol(^ of, 1 17 # 

in America, 117 

— In Barbados, 116 * • • 

In Buvmah, 115 

In Canada, 117 

in China, 116 

It Galicia, iHscovery of, 99 

^^in Germany, 114 

:fl India, zi6 

— fc— in Italy, 114 

in Roumanlt^,€i4 

industry, 97 * 

development of, in the United States, 

100 • 

g in Canada, in 

in Canada, development o^ix 4# 

aiif Galicia, H2 • * A 

in Russia, 109 


Tai-M-HUT oil, 3/V ^ 

composition of, 37 

si^clflo gravity of, 37 , 

Palm oihes • ^ # 

<• — bleaching of, 36 
— - composition of, 36 
— - ^traction, 35 * ^ 

— — meltingipolnt of, 36 ' ^ 

-w— gpeelflo^avity ^>1', 36 » 

i^Mm-wax, 

jPalmitio acid, conv^slon otoolelc acid Into, 6^ 1 - 


In Russia, detgjjppment^ ic^ 

— lamps, urlnciples of ^nstrudVroii, 286«288 

(ses^Tso poftdieum and minerai 

spirit lamps) ^ 

— mentioned by Herodotus, 97 

— — > naphtha, 

origin of, 123 4 

physical chaaactert of, 125 

primitive nicthods of obtaining, 133 

— principle dlstidcts whore found in Ponn 
sylvanm and New York, fo2 

l^roductionxif, in Canada, 173 
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’etroleum, prodaotloiii of, in Qit^ta, 175 

— — In Kuisia, 168 < 

«i — fn the ITnlted Stufei, 105-108 
— — refining in Canada, aoi 

la ojiioia, 203 L 

— — in RuMla, 197 * 

in the United States, 183 
apirlt, 191, 193 

— spray lamps, 319 

• storage of, in Canada, 174 
— — transport of, in Galicia, 17% 

— - vapour detection* lamp, Redwood’s, 376 

well-drllllngln the United States, 139 et teg, 

Phillips’ automatic extinguisher, 306 * 

“ Shaftesbury indicating ” wick, ^97 

“ Phtnnix perpetual ” wick, 396 

^ulwara oil, 37 '>««< « 

— — — as an adulterant of t Ghee,” ^ 

Physical characters of petroleum, 125 
Pieler’s lamp as a fire-damp indicator, 369^ 

miner’s safety-lamp, 343, 369 

Pintsoh’s oil-gas, 324 * \ 

Pll>e-line8, clearing pipes of, 167 

originator of, 165 4 , 

trunk, 166 ) « 

“ Mtman ” (well-drilling machine^), i 39 ' 

“ Pneumatic ’’ lamp of Defrles and Feeny, 300 
Pole tools, 145 

Pope and Sons’ oil-gas planits^S 
Postlethwaltc’g jiutomatlc extinguisher, 307 
Pouring wax candles, 75 ^ 

Pouschkaroff’s vapour lamp, 315 
Pressing Ihtty acids, 63, 64 
Price’s Candle Co.’s Improved candle machine, 87 
Principal petroleum-producing districts in Penn- 
sylvania and New York, 102 
Production of mlnoral-oll from lignite, 214 
— - of ozokerite Indalicla, 175 

— of petroleum tn Canan:t, 173 
— — of petroleum in Sallcla, 175 

“ Protector” miner’s safety-lamp, 290, 366 
Pumping oil-weijls, 163 
Purdy miner’s safety-lamp, 346 

• f 

Racct's chimneylcss lamp for mineral spirK 

315 

Railway carriage roof lamps, 334 
grouse, 36 

signalling lamps, 260 4 

Ram-til oil, 39 

— composition of, 39 # • * 

specific gravity of, 39 , 

Rancidity of oils, 8 ^ 

Rangoon oil, icxa ** 

Rape-seod oil (see colza oil), 22 
« Eavlson ” (ancnltivatcd rape-twed), 22 
Reaction, Maumend’s temperature, i6 , 

Reamers, 14# 

“Re^toed'ils,” i8\, * ^ , 

Redwoodt., petroleum vapour detection jpmp, sup 
Refining crude shale-oil, 221 • 

oz«erl|§jn Galiqfi| 303 

I»raffln, 235 et^^i % 

petroleum in Canada, 3 oi» ^ • 

in Galicia, 203 

— in Russia, 197 * *■ 

In the United States, i8a 

Regulator buiiKr, 276 
Ronard's test Ibr rosin oil, 20 * 

** Rendering ” or refining tallow, -43 

Report on accidents with mineral otl-ladlps, 286 

Revolving drum wfrlgerator fbr paraffin, 232, 234 


Rhigolene, xox ; 

I vpoAipdsitioB d*, 

Rhta iuccedarm, fat from (see Wffx), 40C 
ttlsks in drilling oil veils, i6a ^ S 

Rob*erts and Upton’s lamp, 258 * ^ f 

Roberts’ “ Gem " lamp, <567 
— - Jhmp, 256, 367 * 

Rochester " lamp, 279 c p ' < 

Rolling wax candles, 76 , t 

Rope-knives, 

Rope-spear, *4^ . , ' 

Rose’s “ Beacon ” spray lamp, 324 

•JC — “Diamend” spray lamp, 333 , 

Ro^ln-oi| sillen’s tost ^r, f 

Reuard's test lor, 20 

Ross and Atkins’ “SuaJlght" lanSp, 283 r 
Ross lighting system, 395 
Roumanian pehvlaum deposit^, 1 14 
Boutled^e and Johnson’s miner’s safety>lamp« 
343 . 359 * ^ 

Bowatt’s “ Anncapnic burner, 269 

IloyW Argand lamp, 279 

Russian bornors, 284 < 

-A- petroleum industry^ 109 
Riwhllghts, 68, 72 

Ryder’s arrangement for lockfng minor's safety 
lamps, 380 ^ 

s * 

SiiFETY-ltAMPS (see also tnlner's safety -Ism^, 33 
— — automatic extinction of, 365 
bopnet of, 385 

-^comparative weights i>f, 341 , 

— — desiderata, 340 

early history of, 335 

frame of, 381 

ganzo of, 385, 

— — glasses for,‘ ^3 

method of locking, 380 

— a of composite type, 3^ 

of*the chimneyed Cllliny type, 354 

of the Clanny type, 350 

of the Kloln type, 346 

— - of the Stephenson type, 343 
— S — oil vessel of, 2^ 

shield or bonnet of, 385 

types in usc^3|7 * 

nnoIasslUofi, 360 

wick of, 383 

St. Clair’s lamp, 247 
Sampson-post, 139 

Sampson’s candle moulding machine, 80 
Sand-pump, 138, 144 
Sand-reel, 142 

Saponification by water under pressure, j 

of fats, 6, 15, 48, $2, 56 

• by chloride of zinc, 59 

__ ’ by hydrate of magnesia,, 51 

— by lime, 48 

by oxide of zinc, 51 

sulphuric acid, 6| 56 

by ffcperboated sUMim, 7, 53, 5 

Seale pnmtBn, 235 
‘♦ Schmalztil," 28 
^hdne miner’s safety-lamp, 353 
“ ^tt ” spray lamp, 324 , 

8<»l-oll, 44 • ^ 1 

as an adulterlht of cod-liver oil, 45 

composition of, 45 

- — extraction, 45 » 

-I — specific granny of, 45 
Section of oll-woli, 154-157 *. 

Self-fitting ends to candles, ^3 
^osame oil, 38 ^ 
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BcsUme oil, oompoftltioo^of]^ sSg 
extnwjtlou of, *58 
-%— * teaUng tor In olive oil, 34 
S^muii^indmin^n from.(soBatne-otl); 38 , 
lilllloating ” wlok, 397 
8h]l%|jpir/8af«iCy-TanipfHo6 
8hale, distillation of, for mln^al-oll, 3x3 
Blile^olla 3X2 ♦ , ' - 

— — institution of, 341 
— ^wude. products obtained fros^ 241 

industry, 3*^ . • • 

-reftning of, 23t • ^ 

Shark-liver oil, 45 ^ • 

^ — — — ♦mpo8il4p|i of,* 5 
— — — speciflc gravity of, 45 
8hea-lyittor, 37* I 

>•— — extraction of, 37 
— — melting point* of, 37 
Sherring’s “ Victoria Safety ” lamp, ^90 • 

^ “ Shield ” in Clanny’s safety-lamp, 339 
BUield or bonnet of miner’s safety-laiup, 385 
Ship’s lighia, 332 • 

Briber peiroleuni lamp, 270 
■8 — railway carriage roof lamp, 334 ^ 

^ ship’s lantern, 33^ 

——system of oft supply to severaf^ lamps, 


Ktinguisher for miner’s snfof-a- 


Simon’s auft)matlc 
lamps, 365 
Sinker bar, 142 
SinunAra lamp* 250 
Bites for oil-wells, best, 145 
Smethuist minor’s safety-lamp, 347 
bargainer’s saiuty-lamp, 346 
^lar lamp. 258 
Solar-oil, 201 

— Argand burner, 268 
Solvents, behaviour of oils 

Spmzoo notlfler as a tiro-damp indicator, 367 
Specific gravity of fatty acids, i ( • 

— of oils, 10 • ^ • 

— determination of, 10 

Spedding’s steei-inill for miners, 335 
Sperm-ofi, 44 

■ ■ ■ — - adulteration of, 44a ^ • 

“ Arctic,” 44 

-•%— composition el, 44 • 

—— extraction of, 44 • • 

—— specific gravity of, 44 
Spermaceti, 6 

— candles, 69, 78 
•piral candles, 95 
Spong’s carburettor, 332 
Spmftiug oil-wells of Baku, 171, 17 
Spray lamps for i^tvoleum, 319 
Sjprongei tube, xo* * 

Spring-pole, 137 , 

S^uibfor oil-well torpedo, 361 
StaUlthorpo’s candle monlding maclJne, 83 
Statistics of production of petroleum In the 

United States, ^05-108 
Star Itftnp, 280 
Stearin (or stearlne), 4, 5, 46 
properties of, 67 

— ^ raw materiaji\sod for Its prodnetldu, 47 
-A— «ttlng point of, 67 
Btearin-pltdl) 61 

Stbpbensoip’s lainer* safety -latfp, 33^ 
mitinffia ubffera, or tallow-tree, fat from, 40 
Stills tor refining petroleum, 183 etTSq. 
StobiCMser’s bumm's, 28t 
— ' *Solar>All Argand Bomerlr* 

Storage of oTJide petroleum in C^pada, 174 . 
^^tradiflv*g miter’s saf^y-lamp, 358 
^tringfellow’s vapp^ lamp, f 10 


Sucker-rod ]ai|, f46^ 

Sugg’s “ Wostminsta ” lamp,^9 « 
Sulphuric cold, aapoiftfloation m fats by, 50 
“ Sun Automatic Oas Lamp,” 3x7> 
‘Sun-hihge IjSrner, 280 • 

“ Sunli^t ” lamp, 282 
“ Sustainers ’* for nlght-llghta, 96 
“ Sweating ” paraffin, 235, 236 
“ Sweet water,” 49, 50 


Tatt and Avis’ still for refining petroleum, 187 
Tallow, 40* 

adulteration of, 41 

~ — composition of, 4^^ 

refining, or “iendoring,” 42 

ve/^tabie (see vegi;taf)Ie tallow), 4c 

Tallow-dijxs, 73 

l’allo#-ti‘eo, fat from (see vegetable tallow), 40 
TiMttk-iibips for the transport of petroleum, 21X 
Halo’s piston miner’s salety-lamp, 357 
Teel-oll (see sesame oil), 38 
'l’em\jer-“orew, 144 

Ji'^vot and Anbs>n’a method of refining paraffin. 
Testing oils, 9 

Thomas’ (Evan) miifRr’s safoty-lamp, 349, 351, 

353 

Thomson’s miner’s safety^lamp, 3j;3 
Thorneburr^s minor’s safety -lamp, 349, 359, 

382, 386 

TUghman’s saponification a})pnratu8, 52 
Timmis’ mlnp»‘’8 safeiy-lamp, 347, 366 
Toddy from Mie cocoa-nut palm, 38 • 

Torbaue Hill minoral, 213 
Torches, 69 o 

Torpedoing oH-wcUb, 159-162 • 

Train-oil (see whale-oil), 40 
Transport of crude petroleum, 165 

la Canada, 174 

o in Gahcla, 179 

in RuKsiOb 173 

Trotter’s shadowless pendant lamp, 280 
Trunk lines owned by the Natfonal Transit Go. 
166 • 


pipe-lines, i66 • • 

Tubular lamp wick, 264 
Tuck's candle moulding machine, 81 
Typos of miner’s safety-lamps in use, 387 


% TJ 

UNITED States, drilling petroleum wells In the. 

139 *• 

— _ . first artesian well in, 137 

Upright cyUndri<^ refrigerator for paraffin, 232 
Upton and Bober*’ miner’s safety-lamps, 344 


ia^ac#re, 47 


' Valuation of fats for s|^^ne mi 
•I Vi^^our detection lamp, Re^^^d’sr576 $ 

Vapour latin»8, 3io|%i^ 

Vorley and (Soc^h's refjactory wick, 296 
Vaspline, 196 

properties 

Vegetable fats and oils, 22 
Vegetable tallow, 40 

f composition of, 40 

— — •ext£^tion of, 40 

melHng point of, 40 ' 

'•Venango pctroleito district, ^10 
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Vesta lamp, 356, ^ , 

“ V^ri* Safety’ lamp, ‘ 

* Vlswlty ol oilBli3 ** 

— of Bosshui lubricating oils,* 300 
r f I 


w 

Walsh’s lamp, 390 
Warren petroleum district, 103 
Waterbury lamp, 380 4 

Water-flush system of drilling, 168 
Wax candles, pouring, 75 

— — rolling, 76 

— — Camauba, 5 

« Japan (see Japan wax), 40 
— — myrtle (sae myrtV*).wax), 40 

palm, s i 

Wearmouth minor’s safety -lamp, 34a “ 

Webb's indestructable wiok, 396 
Weights, comparative, of diflbrent safety^amps, 

341 

Well-drilling, artesian, 136 
Wells’ spray lamp, 321 
— “ wild-cat,” 145 
West Virginia petroleum fields, J04 
“Westminster” lump, 279 ^ 

Weston’s carburettor, 329 
— — » “ Omega,” lamp, 33^ 

Westphal’s hydrostatic balance, 10 
'Whale-oil, 43' 

composition of, 44 ^ 

— — extraction of, 43 
— — refining of, 43 

specific gravity of, 43 

Wick, 295 

Aladdin,” 297 

as affecting the safety ol petroleum lamps, 

288 




Wlok,^beetos, 

— ITOndini and TttWnl’8,*3i5^ 

— - Flatau and Turner’s, 296 et* 

Qboch |i.nd Varley’s, acfi* 

Heinrich’s, 296 , , . , . _ 

; rhlllipg’ “ Shaft^bury inOlDatlnS^^ 

Webb’s, 296, 

Wick-plaiting ihaclUne,*7 1 
Wicks, 70, 263, 264, 295 ef seq., 383 

for Cannes, 70 

— ~ for liftujfs-263, 264 f ' 

j. lor nadner’l safety^lamps, 383 * 

T— Inconfbustlble, 263, 296, 397 

(Iifeip) manufacture,^, 297 f 

“W^d-cat” wells, 143 ^ 

Williams’ improvedr Cambrian mluor’sesafety* 
lamp, 3^ . * 

Williamson's iBHler’s safety-lamp, 348 
Wing! d Bu^tituto, 144 
Worms’ lamp, 2,i;o 

Wnnsehmann’s candle moulding machine, 88, 
'Wright and Butler’s gallery elevatof; 310 
r. 

4 

Y \ 

youNo’8 (G.) petroleum lamp, 270 r 
^Young’s (J.) petroleum lamp, 270 
Young’s (J.) raJlway signalling lamp, 360 
Youugife (J.) “ vesta ” lamp, 25^1, 268 
Young’s (T.) lamp, 250 
Young’s (W.) petroleum lamp, 266 
Yqnng’s (W.) spirit lamp, 260 
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